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"  J  A  program  was  conducted  to  develop  a  cost/benefit  analysis  model  for  use 
in  documenting  the  savings  resulting  from  the  performance  of  manufacturing 
technology  projects  sponsored  by  the  Naval  Air  Systems  Command. 

The  model  which  has  been  developed  satisfies  the  following  objectives: 

(a)  sufficiently  simple  to  use  by  personnel  with  no  training  in  accounting  or 
economics;  (b)  applicable  to  a  wide  range  of  manufacturing  technology  projects 
and  the  circumstances  and  environment  in  which  their  results  are  applied;  and 
(c)  uses  data  from  existing  accounting  systems.  The  model  consists  of  two 
methodologies.  The  first  methodology,  referred  to  as  ""Changed  Priced  is 
applied  in  those  instances  in  which  the  price  per  unit  charged  to  the 
Government  is  known  for  both  the  "before"  and  the  "after"  manufacturing 
process.  The  second  methodology,  referred  to  as  "Changed  Cost",  is  applied 
in  those  instances  in  which  neither  the  "before"1" nor  the^after"  unit  price 
can  be  readily  identified,  as  in  the  case  of  producing  a  sheet  metal  skin 
for  an  aircraft  access  panel. 

Step-by-step  procedures  and  case  studies  are  provided  for  both  the 
"Changed  Price"  methodology  and  the  "Changed  Cost"' methodeTogy. 
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FOREWORD 


This  document  was  prepared  to  assist  Navy  and  contractor  personnel  In 
completing  reports  on  cost  savings  obtained  from  the  Implementation  of 
manufacturing  technology  (MT)  projects  funded  by  the  Navy.  Such  reports  are 
required  by  NAVMATINST  4800. 36D,  Manufacturing  Technology  Program.  Guidelines 
are  presented  for  the  preparation  of  cost  savings  reports,  which  must  be 
submitted  annually  beginning  one  year  after  project  completion.  The  cost 
analysis  procedures  contained  herein  were  developed  to  satisfy  the  following 
criteria: 

e  Must  be  sufficiently  simple  to  permit  use  by  personnel  with  no 
training  In  accounting  or  economics. 

e  Must  be  applicable  to  a  wide  range  of  MT  projects  and  the 

circumstances  and  environment  In  which  their  results  are  applied. 

e  Must  accurately  assess  cost  savings  using  data  from  existing 
accounting  systems  maintained  by  government  and  industry. 

Two  separate  cost  savings  analysis  procedures  are  explained  using  an 
example  of  each.  The  "Changed  Price"  cost  savings  analysis  procedure  and 
format  Is  designed  for  MT  projects  In  which  the  unit  price  to  the  government 
Is  known  for  both  the  old  and  the  new  manufacturing  process.  The  "Changed 
Cost*  procedure  and  format  Is  designed  for  MT  projects  in  which  neither  the  ^ — ' 

f  ¥ 

old  nor  the  new  unit  price  can  be  Identified;  consequently,  changes  In  (  w 

v  $ 

recurring  and  nonrecurring  manufacturing  costs,  both  positive  (additional  — ■ 

costs  to  the  government)  and  negative  (cost  savings  to  the  government)  are  ___ 
used.  This  second  format  Includes  recurring  costs  such  as  direct  labor, 
materials,  and  utilities,  and  nonrecurring  costs  such  as  equipment,  buildings, 
and  training.  The  use  of  one  or  the  other  of  these  procedures  will  satisfy 
any  conceivable  MT  project  cost  analysis  requirement.  . 
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COST  SAVINGS  ANALYSIS  GUIDELINES 


1.  INTRODUCTION 

Cost  savings  reports  on  Navy-sponsored  NT  projects  are  required  annually 
by  NAVMATINST  4600.360,  Manufacturing  Technology  Program,  for  all  completed  NT 
projects,  with  the  first  report  on  a  specific  project  due  one  year  after 
completion  of  the  project.  Updates  are  to  be  prepared  and  submitted  by  14 
February  of  each  year.  The  reports  serve  as  a  vehicle  for  documenting  the 
success  of  the  NT  Program  In  achieving  Its  primary  objective:  l.e.,  to  reduce 
acquisition  and  life  cycle  costs  of  Navy  weapon  systems.  A  copy  of  the  cost 
savings  report  format  and  NAVMATINST  4800. 36D  Instructions  are  provided  In 
Appendix  A. 

This  document  presents  guidelines  for  contractors  and  Navy  personnel  to 
use  In  analyzing  and  reporting  cost  savings  obtained  from  the  Implementation 
of  manufacturing  technology  (MT)  projects.  The  guidelines  have  been  used  to 
prepare  cost  savings  reports  for  five  Naval  Air  Systems  Command  (NAVAIR) 
funded  MT  projects  which  have  been  Implemented  by  weapon  system  contractors 
and  one  report  on  a  project  Implemented  by  a  Naval  Air  Rework  Facility 
(NAVAIREWORKFAC) .  The  cost  data  used  In  the  analyses  were  provided  by  the 
contractors  and  the  NAVAIREWORKFAC  personnel  who  completed  the  MT  projects  or 
Implemented  the  results. 

Z.  BACKGROUND 

In  general,  MT  project  performing  activities  have  failed  to  plan 
adequately  for  cost  savings  reporting.  Because  final  payment  on  a  contract  Is 
often  made  a  full  year  or  more  prior  to  the  date  when  the  first  cost  savings 
report  Is  due,  contractors  are  drawn  to  new  endeavors  after  a  project  Is  over. 


and  cost  savings  analysis  takes  low  priority.  Moreover,  when  a  project  Is 
Implemented,  responsibility  Is  generally  transferred  from  engineering 
development  personnel  to  production  personnel  who  may  be  unfamiliar  with  MT 
Program  requirements,  may  lack  training  In  economic  analysis,  and  may  consider 
cost  analysis  outside  their  scope  of  activities.  With  poor  planning, 
contractors  may  subsequently  have  difficulty  In  reclaiming  accurate  data  on 
costs  Incurred  under  an  old  process  or  technology.  This  situation  has  been 
exacerbated  by  the  fact  that,  until  recently,  MT  project  contracts  contained 
no  cost  savings  analysis  or  reporting  requirements.  In  a  1979  review  of  the 
DoO  MT  Program,  the  General  Accounting  Office  (GAO)  emphasized  that  the 
military  services  should  better  track  the  Implementation  of  MT  project  results 
and  document  program  benefits. 

Contractor  participation  In  cost  savings  reporting  Is,  of  course,  not 
only  desirable  but  essential  because  Navy  MT  project  managers  do  not  have 
access  to  detailed  manufacturing  cost  data.  Additionally,  the  complexity  of 
military  weapon  system  production  and  cost  accounting  has  largely  stymied  the 
use  of  a  uniform  cost  reporting  system.  As  modern  naval  weapon  systems 
contain  a  large  number  of  parts,  all  subject  to  periodic  engineering  change 
orders,  savings  In  the  production  cost  of  a  particular  part  are  difficult  to 
Identify  by  examining  changes  In  the  procurement  cost  of  the  whole  weapon 
system.  An  additional  constraint  has  been  the  lack  of  common  cost  savings 
analysis  procedures  that  can  be  applied  to  widely  differing  types  of 
manufacturing  technologies.  To  achieve  timely  and  accurate  reporting  of  cost 
savings.  It  Is  necessary  to  (1)  clarify  the  type  and  format  of  data  needed 
from  contractors,  and  (2)  Institute  procedures  with  which  Navy  MT  Program 
managers  can  monitor  contractor  compliance. 


3.  COST  SAVIH6S  ANALYSIS  MODEL 

A  uniform  framework  has  now  been  developed  for  analyzing  and  documenting 
the  cost  savings  resulting  from  the  Implementation  of  MT  projects.  Only 
readily  quantifiable  manufacturing  cost  savings  are  measured,  and  the  scope  of 
the  analysis  Is  limited  to  actual  or  planned  production.  The  model  Is 
flexible  enough  to  accommodate  differing  manufacturing  environments,  yet  It  Is 
comprehensive  enough  to  permit  tabulation  of  accurate,  supportable  cost 
Information.  It  provides  for  two  alternative  cost  analysis  methodologies;  the 
methodology  appropriate  to  an  MT  project  Is  selected  based  on  the  type  of  cost 
data  available. 

3.1  "Changed  Price*  methodology.  Use  of  an  abbreviated  format  for 
analysis  of  cost  savings  Is  feasible  when  an  advanced  manufacturing  technology 
Is  applied  to  a  discrete  product  made  In  quantity,  such  as  an  Integrated 
circuit.  Where  the  price  per  unit  under  both  the  old  and  new  manufacturing 
method  Is  known.  It  Is  unnecessary  to  detail  costs  and  cost  savings  Incurred 
by  the  manufacturer.  All  such  costs  and  cost  savings  are  assumed  to  be 
reflected  In  the  new  price  charged  the  Navy. 

When  there  Is  a  known  change  In  a  unit  price  resulting  directly  from 
Implementation  of  an  MT  project,  an  abbreviated  format  called  Worksheet  A  Is 
used.  In  such  cases,  all  capital,  operating,  and  Implementation  costs  are 
reflected  In  the  new  price  and,  therefore,  should  not  be  subtracted  from  labor 
or  other  savings.  Based  on  the  accuracy  of  available  out-year  procurement  and 
cost  data,  the  analyst  selects  a  time  period  (five  years  or  longer)  over  which 
to  Identify  cost  savings  and  calculate  the  return  on  Investment  (ROI).  In 
accordance  with  Navy  Instructions,  this  time  period  begins  at  the  date  of 


Step-by-step  Instructions  follow  for  performing  a  "Changed  Price"  type 
analysis  using  the  Worksheet  A  forms  which  were  prepared  for  a  sample  NT 
project. 

3.1.1  "Changed  Price"  sample  project.  NAVAIR  manufacturing  technology 
project  A0650,  "Gallium  Arsenide  Substrate  Fabrication,"  was  completed  by 
M/A-COM  Gallium  Arsenide  Products,  Inc.  (Burlington,  MA),  In  March  1982.  The 
new  technology  produces  round,  3-1nch  diameter,  gallium  arsenide  (GaAs)  wafers 
by  the  liquid  encapsulated  Czochralskl  (LEC)  process  In  quantities  sufficient 
to  meet  the  high  demand  for  their  use  In  advanced  electronics.  The  small. 
Irregularly  shaped  GaAs  wafers  produced  by  the  old  technology  were  expensive, 
of  low  purity,  had  low  useable  area,  and  could  only  be  produced  In  small 
quantities.  Following  Implementation  of  the  new  manufacturing  technology, 
sales  of  processed  GaAs  wafers  to  military  equipment  manufacturers  Increased 
dramatically. 

The  cost  savings  resulting  from  this  NT  project  can  be  calculated  using 
the  simplified  "Changed  Price"  method  of  Worksheet  A,  because  the  price  of  the 
product  using  both  the  old  and  new  technologies  Is  known.  Even  though  the 
wafers  are  sold  to  military  equipment  manufacturers  rather  than  directly  to 
the  government  and  value  Is  added  before  a  final  product  Is  delivered  to  the 
Navy,  the  value  added  later  does  not  negate  the  cost  savings  for  the  GaAs 
component  of  the  weapon  system.  Since  high  quality  GaAs  wafers  had  not  been 
readily  available  In  significant  quantities  prior  to  Implementation  of  the 
manufacturing  technology,  cost  savings  are  based  on  the  cost  of  making  low 
quality  wafers  by  the  old  method  In  the  quantities  now  In  demand. 


3. 1.1.1  Cost  savings  narrative.  A  narrative  providing  basic 
information  on  the  MT  project  and  Its  implementation  is  prepared  as  shown  in 
Figure  1.  In  the  narrative,  a  "Background*  section  (Item  1)  summarizes  the  MT 
project  objectives,  and  a  "Cost  Savings"  section  (Item  2)  explains  the  source 
of  the  data  used  and  justifies  any  Important  assumptions  or  caveats  made  by 
the  analyst. 

3. 1.1. 2  Table  A-l .  The  table  used  to  list  annual  cost  savings  is  shown 

In  Figure  2.  The  unit  price  charged  to  the  government  or  to  other  military 

equipment  suppliers  during  the  project  years  In  which  the  new  technology  is 

used  are  compared  with  the  price  charged  under  the  old  technology. 

Specifically,  the  unit  price  under  the  old  manufacturing  technology  (Item  3), 

minus  the  unit  price  under  the  new  manufacturing  technology  (Item  4),  gives 

the  cost  savings  per  unit  (Item  5). 

In  this  example,  both  material  price  savings  per  square  inch  and 
processing  price  savings  per  wafer  resulted.  These  values,  multiplied 
by  the  total  raw  material  production  and  wafer  production,  respectively, 
for  a  given  project  year  (Item  6),  give  the  cost  savings  for  that  year 
(Item  7). 

The  rationale  for  key  entries  should  be  explained  in  footnotes  to  the  table, 
such  as  the  footnotes  for  this  sample  project  shown  in  Figure  3. 

3. 1.1. 3  Data  sources.  The  above  data  were  obtained  by  contacting  the 
MT  project  contractor.  Since  the  project  contractor  is  usually  the  first 
manufacturer  to  Implement  advanced  manufacturing  methods  established  by  an  MT 
project,  it  serves  as  a  primary  data  source.  Additional  firms  which  have 
implemented  the  new  methods  may  be  Identified  through  records  of  technology 
transfer  activities,  such  as  end-of -project  demonstration  rosters  and  final 
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__  Former  techniques  of  producing  gallium  arsenide  (GaAs) 

Tubstrates  resulted  In  materials  that  varied  widely  In  crystalline  quality  and 
were  contaminated  frequently  with  many  Impurities.  This  NT  effort  was 
established  to  achieve  a  manufacturing  capability  which  would  yield  large 
(greater  than  2-1nch  diameter)  round  crystals  of  high  purity  seml-lnsulatlng 
GaAs  through  use  of  the  liquid  encapsulated  Czochralskl  (LEC)  crystal  growth 
process . 

The  project  was  completed  In  March  1982  at  a  cost  to  NAVA1R,  tne  only 
sponsor,  of  6528,000.  The  NT  project  contractor,  H/A-C0H  Gallium  Arsenide 
Products.  Inc.  (Burlington,  MA),  began  Implementation  of  the  Improved  process 
prior  to  project  completion.  GaAs  Is  In  high  deemed  for  use  In  advanced 
electronic  communication,  countermeasure,  and  high  speed  computer  devices; 
aerospace  Industry  users  Include  Raytheon,  Motorola,  Rockwell,  Hughes, 
Honeywell,  MSC,  and  United  Technology. 
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following: 


Cost  savings  to  the  government  have  resulted  from  the 


Costs  -  Unprocessed  GaAs  wafers  are  now  sold  by  N/A-C0N 
for  621-28  per  sq.  In.,  depending  on  the  size  of  the  order  -  a  price 
reduction  of  at  least  60  percent. 

Reduced  Processlno  Costs  -  Processing  costs  at  least  61.000  per  wafer 
regardless  of  wafer  size;  hence,  processing  one  3-1nch  round  wafer  for 
61.000.  which  replaces  (equals  the  surface  area  of)  five  of  the  old 
1.5-1nch  0-shaped  wafers  costing  65,000,  results  In  an  80  percent 
processing  cost  savings. 

Increased  Oevlce  Yield  -  With  "edge  effect*,  a  smaller  fraction  of  the 
wafer  Is  lost  using  large  round  wafers  than  with  small  0-shaped  wafers 
when  nominally  equal  total  wafer  areas  are  considered. 

The  Worksheet  A  format  was  used  to  calculate  the  annual  cost  savings 
because  It  Is  not  necessary  to  factor  In  the  capital  Investment  In  the  crystal 
puller  and  other  such  Implementation  costs  to  the  contractor.  All  such  costs 
are  reflected  In  the  new  wafer  material  and  wafer  processing  prices. 

The  cost  savings  data  In  Table  A-l  were  obtained  from  Nr.  John  Vaughan, 
Business  Center  Manager.  H/A-COH,  Inc.  M/A-COM,  Inc.  Is  the  major  U.S. 
supplier  of  GaAs.  Although  some  Is  sold  for  commercial  applications,  most  of 
their  GaAs  production  Is  dedicated  to  DoO  applications.  According  to  Nr. 
Vaughan,  at  least  one-third  (33  percent)  of  total  GaAs  production  goes  to  U.S. 
Navy  applications,  and  this  percentage  Is  used  for  Table  A-l.  As  noted  In  the 
Footnotes  to  Table  A-l,  the  estlmetes  of  wafer  material  cost  savings  per  sq. 
In,  wafer  processing  cost  savings  per  wafer,  and  annual  sales  growth  are  also 
conservative. 
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Figure  1  -  Cost  Savings  Narrative 
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AM  SO  (OMSO):  10-Tear  Cost  Savlnps 
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*  Contrict  award  date. 

i M 

■  **  This  NT  project  did  not  affect  wafer  procosslnf  costs.  Processlnf  costs 

typically  r«Mln  In  tho  range  of  tl.OOO-tlO.OOO  por  tiofor,  depending  on 
tho  typo  of  procosslnp*  IK*  price,  however,  does  not  very  with  wafer 
size;  hence,  procosslnf  one  of  the  new  3-inch  dlaaotor  wafers  for  tl.000 
results  in  the  sim  wafer  area  and  yield  as  processlnf  five  of  the  old 
I.S-Inch  0-shaped  wafers  for  tS,000.  A  conservative  estlMte  of 
procosslnf  cost  savlnfs  (based  on  the  aost  Inexpensive  processlnf)  Is, 

^  therefore,  td.OOO  per  wafer. 

% 
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***  Prior  to  Jan  02,  BaAs  substrate  notarial  was  available  In  saall 

quantities  for  $70  per  square  Inch,  ly  Jan  02.  this  price  was  reduced  to 
t23  per  square  Inch  for  bulk  orders  by  larfo  Navy  contractors  such  as 
Raytheon  and  Honeywell.  Given  the  all  of  saall  and  larfa  orders,  a 
conservative  (high)  estlaate  of  the  overate  sell  Inf  price  was  121  per 
square  Inch  In  Jan  03  and  S2S  per  square  Inch  beflnnlnf  In  Jan  M.  The 
flfuras  In  this  coluan  are  welfhted  accordingly  for  each  project  year. 
N/A-C0N  plans  no  further  aatarlal  price  reductions  because  daaand  for 
*§  GaAs  wafers  consistently  exceeds  their  production  capacity. 

w 

m 

****  Production  of  slfnlflcant  quantities  of  BaAs  wafers  befan,  using  the  new 
technolofy.  In  Jan  (2.  Seles  of  3-1nch  GaAs  wafers  durtnf  Jen  S2  -  Dec 
„  (2  were  30.000  square  Inches.  NAVAIR  applications  are  estlnated  at  30 

u*  percent  of  output.  Sales  increased  approxlaately  fifty  percent  durlnf 

V  CTS3  and  another  fifty  percent  durlnf  CYOe.  Sales  are  projected  to 

Increase  throufhout  the  period  Jan  •$  -  Dec  8b  at  a  rate  of  fifty  percent 
per  year,  based  on  aertet  studies  conducted  by  N/A-CON.  Thus,  fifty 
e  percent  annual  growth  Is  a  conservative  rate  that  does  net  Include 

I  potential  dlfltal  applications  nor  the  formation  of  new  coapantes  to  aake 

^  GaAs  products. 
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Figure  3  -  Footnotes  to  Worksheet  A 
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report  accessions,  or  by  contacting  Navy  field  office  experts  In  the 
technology  field.  In  the  case  of  this  sample  project,  however,  only  the 
original  MT  project  contractor  has  implemented  the  new  methods. 

Recent  MT  contracts  contain  specific  requirements  for  MT  project 
contractors  to  furnish  cost  saving  data.  For  older  MT  projects  and  for  Navy 
weapon  system  manufacturers  who  were  not  Involved  In  the  original  MT  project. 
It  Is  necessary  for  the  Navy  to  secure  voluntary  cooperation.  For  these  older 
projects,  data  from  manufacturers'  existing  accounting  systems  have  proven 
adequate  when  knowledgeable  company  officials  have  assisted  In  Identifying 
data  characteristics  and  limitations. 

3. 1.1. 4  Form  2.  When  Table  A-l  Is  complete  for  the  project  years  under 
study,  both  gross  and  net  total  cost  savings  may  be  calculated  using  Form  2 
(Figure  4).  Form  2  has  three  basic  parts. 

In  the  third  paragraph  marked  "NAVAIR  Investment,"  each  year  of 
Incremental  Navy  MT  project  funding  Is  listed  by  fiscal  year  and  amount.  Each 
year's  funding  Is  then  discounted  to  determine  Its  present  value.  This 
present  value  calculation  reflects  the  economic  principle  that  a  dollar 
received  today  Is  worth  more  than  a  dollar  received  ten  years  from  today. 

This  Is  not  due  to  Inflation,  but  rather  because  the  dollar.  If  received 
today,  can  be  Invested  by  the  recipient  to  be  worth  more  at  the  end  of  ten 
years.  To  determine  the  discount  factor  (Item  8),  subtract  the  current  fiscal 
year  In  which  the  analysis  Is  prepared  (Item  9)  from  the  fiscal  year  the 
project  was  funded  (Item  10).  If  the  difference  Is  a  positive  value,  enter 
the  corresponding  value  Identified  In  the  third  footnote  (Item  11).  If  the 
difference  Is  a  negative  value,  enter  the  reciprocal  of  the  corresponding 
value  (1 /value)  In  the  footnote. 
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NAVAIR  NANUFACTURIN6  TECHN0106Y  PROJECT  COST  SAVIN6S  ANALYSIS 


TORN  2  -  PROJECT  COST  SAVIN8S  (10-Year  Cost  Savings) 


1.  Protect  Title:  Gal llua  Arsenide  Substrate  Fabrication 
Z.  Prolott  Nueber:  AOS 50  (ONA  004 SO) 


3.  NAVAIR  Investment: 


a.  Current 

b.  Fiscal 

C.  NAVAIR 

d.  Discount 

e.  Present 

Fiscal 

Years 

Funding 

Factor 

Value  of 

Year 

Funded 

ly  FY 

Funding 

1915 

1979 

521,000 

1.419 

•91.792 

<S) 

<D 

© 

Present  Value  of 

Total  NAVAII 

Investment 

•91.792 

© 


»  or  »): 


i  Operating  Casts  and  Cost  Savings1  (Prow  MorRshett 


a.  Projtct 

Yi  ar* 

b.  Recurring 

c.  Discount 

d.  Present 

e.  Present 

f.  Present 

Costs/ 

Savings 

/t?) 

Factor 

® 

Value  of 
Recurring 
Costs/ 
Savings /*, 

Value  of 
Nonrecurring 
krosts/ 
\v1ng. 

Value  of 
Annual 

Costs/Savlngsj 

1910 

0  V  ■’ 

\  o  (  1 

191) 

»>✓ 

0 

0 

fS  of  Ifl 

)  0  Vl 

1912 

(3.461,000) 

1.249 

(4.454,492) 

oV 

7(4,454.69^- 

1913 

(1.107,244) 

1.153 

(9.347,652) 

0 

'  (9.347.652) 

1914 

(9.121,417) 

1.041 

(10.300.254) 

0 

(10.300.254) 

1915 

(15.257.750) 

1.000 

(15.257.750) 

0 

(15.257.750) 

1916 

(26,701,015) 

0.954 

(25,472.135) 

0 

(25,472.135) 

1917 

(44.722.145) 

0.H7 

(40,501,724) 

0 

(40.501.724) 

1911 

(11.744,910) 

0.711 

(64,430.904) 

0 

(64.430,104) 

1919 

(143.019. 740) 

0.717 

- 

(102.595.351) 

0 

(102.595.351) 

(272.SU, 041) 


Prnsnnt  VaTut  of  Gross  Total  Costs/Cost  Savings 

Not  To to)  Cost  Savinas*  (4f  -  at):  Ten-year  -  $271,474,277 

’indicate  cost  sovlnos  (negative  costs)  on  tltis  table  by  enclosing  In  parentheses. 
^Include  years  used  to  calculate  ROl  starting  from  the  date  of  contract  award. 

3lf  4a -la  •  1.  then  4c  -  0.9S4  if  4a-3a  •  4.  then  4c  •  0.512 

®*  2  *  0.147  *  7  *  0.531 

•  1  •  0.711  •  1  ■  0.419 

•  4  •  0.717  *  9  *  0.445 

•  5  ■  0.452  *  10  *  0.405 

*lf  costs  exceed  cost  savings,  this  difference  will  be  a  negative  value. 


Figure  4  -  Form  2- Project  Cost  Savings 


[In  the  example,  1979  minus  1985  equals  -6,  and  the  reciprocal  of  the"! 
corresponding  value  0.592  Is  1.689.  J 

Any  Army  or  Air  Force  funding  for  the  HT  project  may  also  be  entered  In  this 

section  and  enclosed  In  brackets;  but  non-Navy  funds  should  not  be  Included  In 

the  total  (Item  12),  as  the  total  will  be  used  later  In  these  calculations  to 

determine  the  return  on  the  Navy's  Investment. 

A  second  section  of  Form  2,  marked  Paragraph  4,  Is  used  to  summarize  the 

cost  savings  data  developed  In  Table  A-1  (or  In  the  Tables  B-1  through  B-5  If 

the  "Changed  Cost"  format  Is  selected).  The  annual  cost  savings  (Item  7) 

should  be  listed  In  this  summary  table  as  recurring  savings  (Item  13)  and 

multiplied  by  the  appropriate  discount  factor  (Item  14)  to  derive  their 

present  value  (Item  15). 

For  this  HT  project,  discounting  Is  facilitated  by  the  close 
correspondence  between  the  beginning  of  the  project  year  and  the  federal 
fiscal  year.  In  accordance  with  the  "Changed  Price"  format,  no 
nonrecurring  costs  are  considered,  since  the  new  price  charged  for  GaAs 
material  by  H/A-COH,  Inc.  Is  assumed  to  reflect  any  Implementation  costs 
Incurred  by  the  company  In  switching  to  the  new  manufacturing 
technology.  Since  no  nonrecurring  costs  or  savings  are  relevant  to  the 
"Changed  Price"  format,  zeros  appear  under  Item  16,  and  the  values  In 
Item  15  are  duplicated  In  Item  17  and  totaled  as  Item  18. 

Throughout  this  table,  all  cost  savings  (negative  costs)  should  be  enclosed  In 

parentheses  to  distinguish  them  from  additional  Incurred  costs. 

The  third  section  of  Form  2,  marked  Paragraph  5,  Is  used  to  derive  the 

"bottom  line"  for  the  HT  project.  The  gross  total  cost  savings  (Item  18) 

minus  the  total  Navy  Investment  (Item  12)  equals  the  net  total  cost  savings 

the  Navy  realizes  from  the  HT  project  (Item  19)  over  the  time  period  selected 

for  the  analysis. 
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3. 1.1. 5  Form  1 .  Essential  findings  from  the  cost  savings  analysis  are 

listed  on  Form  1:  Project  Summary,  shown  in  Figure  5.  Host  entries  on  this 

form  are  self-explanatory,  with  the  exception  of  Items  20  to  23.  Item  20  is 

the  payback  period  -  the  time  period,  beginning  with  the  date  of  MT  contract 

award,  needed  for  the  discounted  cost  savings  to  equal  the  discounted  Navy 

Investment.  To  calculate  the  payback  period,  start  with  the  first  year's 

savings  (at  the  top  Item  17)  and  add  the  number  of  years'  savings,  and 

fraction  of  a  final  year's  savings,  to  exactly  equal  the  value  in  Item  12. 

I  In  the  example,  the  payback  period  is  2.19  years,  because  the  Navy  1 
I  Investment  of  $892,000  (Item  12)  Is  equivalent  to  the  first  2  years  of 
|_ltem  17  (zero)  plus  19  percent  of  the  third  year  ($4,655,000  x  .19).  J 

The  R0I  (Item  21),  together  with  the  payback  period,  are  Important 
measures  of  HT  program  performance.  Calculation  of  the  R01  differs  from  the 
payback  period  calculation  In  that  undiscounted  figures  are  used.  The  formula 

Is: 

Undiscounted  Cost  Savings  -  Undiscounted  Navy  Investment 

R0I  =  Undiscounted  Navy  Investment 

Hence,  the  R0I  Includes  only  the  return  to  the  Navy  and  does  not  Include  any 
return  to  the  manufacturer  which  may  accrue  from  manufacturer  Investment  In 
equipment  or  In  other  project  Implementation  related  Items.  To  calculate  the 
R0I,  add  the  figures  in  Item  13  and  subtract  the  sum  of  Item  24  (not  to 
Include  any  Army  or  Air  Force  funds).  Then  divide  this  difference  by  the  sum 
of  Item  24. 

An  estimate  of  additional  contractor  Investment  (Item  22)  Is  required  by 
the  Navy  as  a  measure  of  Industry  participation  In  the  HT  program.  This  value 
Is  the  sum  of  undiscounted  expenditures  by  the  HT  project  contractor  which  are 
over  and  above  those  expenditures  covered  by  Navy  funding.  Expenditures  by 
other  Navy  weapon  system  manufacturers  who  Implement  the  manufacturing 


12 


technology  established  by  the  NT  project  should  also  be  Included  In  Item  22. 
However,  capital  expenditures  by  Industry  which  are  not  essential  to 
Implementation  of  the  manufacturing  technology  should  not  be  Included. 


Form  1  also  provides  a  measure  of  cumulative  gross  savings  to  date  (Item 
23).  This  value  Is  useful  Information  because  the  gross  total  cost  savings 
figure  (Item  18)  often  Includes  projections  for  future  years.  Item  23  Is 
calculated  by  adding  the  figures  In  Item  17,  but  only  up  to  the  analysis 
preparation  date.  Since  the  sum  Is  a  gross  savings  value.  It  Is  not  necessary 
to  subtract  the  Navy  Investment. 

In  the  example  the  preparation  date  Is  December  1984  and  the  project 
years  run  from  September  to  August,  therefore  the  gross  savings  to  date 
are  the  discounted  savings  In  years  1982-1984  plus  four  months  of  those 
In  1985.  This  equals  $29,388,515  ($24,302,598  +  $5,085,917). 

3. 1.1. 6  NAVHATINST  4800. 36D  form.  A  second  summary  form  Is  prepared  as 
shown  In  Figure  6.  Where  Form  1  was  designed  specifically  to  summarize  data 
generated  by  the  cost  savings  analysis  procedures  presented  In  this  report. 
Figure  6  Is  required  by  NAVHATINST  4800.360.  Since  Figure  6  may  have  a 
separate  distribution,  there  are  some  redundant  Items  In  the  two  summary 
forms.  The  format  and  Instructions  for  data  entries  for  Figure  6  are 
contained  In  Appendix  A. 

3.1.2  Additional  "Changed  Price"  sample  project.  An  additional  sample 
cost  savings  report,  prepared  for  a  NAVAIR  NT  project  using  the  "Changed 
Price"  format.  Is  Included  In  Appendix  B. 

3.2  "Changed  Cost"  methodology.  An  alternate  format  Is  used  when  the 
price  change  that  resulted  from  Implementation  of  NT  project  results  In  the 
manufacturing  of  a  Navy  procured  component  Is  not  known.  Such  Inability  to 
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Candldata  applications: 
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I2IA1 


aawL  NT  Project  Cost 

Over  SB  nllllon  -  Contractor  Investaant  in  capital  aqulpaent,  real 
proparty,  and  engineering. 


COST 


OAUflfiS: 

a  10-Taar  (Sap  7B  -  AuR  H)  *  $2Tl.tTB.2TT  (1B8S  dollars), 
a  Supporting  back-up  data  Is  prasantad  In  the  Following  papas. 


ACTIONS  TAKEN  OR  8CC0NNEN0CQ  AS  A  RESULT  OF  THE  PROJECT: 

Najor  solitary  aqulpaent  Manufacturers  are  purchasing  gal  11  as  arsenide 
substrate  notarial.  The  quantities  usad  will  Incraase  as  naw 
applications  are  developed.  No  further  action  Is  required  to  accrue 
benefits  because  the  aartat  Is  acquainted  with  the  lap roved  quality  and 
availability,  and  reduced  price  of  this  product. 


Figure  6  -  NAVMATINST  4300. 36D  Report  Format 


readily  Identify  a  price  differential  Is  common  with  aircraft  components, 
where  cost  performance  reports  available  to  the  Navy  fall  to  disaggregate  the 
component  price  from  the  aircraft  subsystem  price.  For  example,  the  Navy 
knows  the  price  of  an  F-14  and  of  every  major  F-14  subassembly,  but  not  the 
price  of  a  particular  sheet  metal  access  door  which  may  have  a  reduced 
fabrication  cost  due  to  an  HT  project.  In  such  cases,  gross  cost  savings  to 
the  Navy  can  be  determined  only  by  Identifying  changed  costs,  l.e.. 

Identifying  all  labor,  equipment,  and  material  cost  savings  and  then 
subtracting  all  project  Implementation  costs  to  the  manufacturer.  The 
cooperation  of  the  manufacturer  Is  essential  to  obtaining  detailed  data  on 
capital  and  operating  costs  and  cost  savings  which  accrue  over  the  time  period 
selected  for  the  analysis. 

Worksheet  B  provides  the  format  for  this  more  detailed  cost  analysis. 
Step-by-step  Instructions  follow  for  performing  a  "Changed  Cost"  type  analysis 
using  the  Worksheet  B  forms  which  were  completed  for  a  sample  HT  project. 

3.2.1  "Changed  Cost"  sample  project.  NAVAIR  manufacturing  technology 
project  A1349,  "Precision  Robotic  Technology,"  was  completed  and  Implemented 
on  an  assembly  line  by  Grumman  Aerospace  Corporation  (Bethpage,  N.Y.)  In 
January  1984.  The  new  manufacturing  technology  uses  an  automated  robotic  cell 
to  drill  and  trim  contoured  aluminum  airframe  parts,  such  as  skin  sections  and 
access  panels,  without  templates  to  guide  tooling.  The  old  technology 
Involved  manual  drilling  and  trimming  using  hand  tools,  a  labor-intensive 
operation  producing  parts  of  varying  quality.  After  a  demonstration 
production  run  In  January  1983,  Grumman  officials  decided  to  Install  a 
complete  robotic  cell  and  to  Implement  the  new  technology  for  production  of 


naval  aircraft. 


The  cost  savings  resulting  from  this  MT  project  cannot  be  calculated  by 
the  abbreviated  Worksheet  A  method  because  the  sheet  metal  detail  parts  worked 
are  subcomponents  of  larger  aircraft  assemblies,  and  the  unit  price  charged  to 
the  government  under  the  old  or  new  manufacturing  technology  cannot  be 
accurately  determined.  Therefore,  Worksheet  B  Is  used  to  analyze  cost  changes 
In  the  switch  to  the  new  technology. 

3. 2. 1.1  Cost  savings  narrative.  Figure  7  Is  a  narrative  with  the  same 
form  and  function  as  described  In  Section  3. 1.1.1. 

3. 2. 1.2  Recurring  costs.  Recurring  costs  are  costs  such  as  labor, 
materials,  and  utilities,  which  are  Incurred  In  every  project  year.  Recurring 
costs  And  cost  savings  are  listed  on  Tables  B-1  and  B-2,  as  shown  In  Figure 

8.  Table  B-1  Is  used  for  recurring  labor,  and  Table  B-2  for  materials  and 
utilities.  Here  again,  cost  savings  (negative  costs)  are  enclosed  In 
parentheses  to  distinguish  them  from  costs. 

All  changes  In  the  amount  of  labor.  Including  maintenance  and  other 
labor  either  newly  Incurred  or  saved.  Is  listed  (Item  25)  and  assigned  an 
annual  quantity  of  hours  (Item  26).  For  NT  projects  where  entries  on  Tables 
B-1  and  B-2  vary  from  year  to  year.  It  may  be  necessary  to  prepare  a  separate 
copy  of  this  worksheet  for  each  project  year.  Figure  8  Is  the  version 
completed  for  the  second  project  year  (Item  27).  As  In  the  Worksheet  A 
format,  the  first  project  year  must  begin  at  the  MT  contract  award  date. 

Productivity  factors  (Item  28)  may  be  Identified  for  one  or  more  project 
years  If  justified  by  manufacturer  supplied  data.  This  factor  allows  for 
Increases  In  worker  productivity  as  they  become  more  familiar  with  the  new 
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background.  Labor  has  bam  Identified  as  a  major  cost  driver  In  tha 
Manufacture  of  naval  aircraft.  Labor  costs  raprtstnt  two-thirds  of  currant 
alrfraaa  construction  costs,  with  TO  parcant  of  tha  labor  cost  ralatad  to 
structura  fabrication.  Tha  afflclancy  of  machining  oparattons  has  boon  auch 
laprovad  through  tha  usa  of  nuaarlcal  position  and  adaptive  food  controls. 
Llttla  prograss  has  baan  aada,  howavar.  In  laproving  such  basic  labor 
Intensive  operations  as  sub-assaably  drilling,  trlaalng,  forming,  and 
debarring,  or  In  controlling  variable  quality  In  these  operations. 

The  Integration  of  Industrial  robots  Into  alrfraaa  structura  fabrication 
aay  offer  opportunities  for  ellalnatlng  thase  annual  tasks  while  laproving 
quality  control  and  reducing  aaterlal  waste.  Under  a  NAVAIR  aanufacturlng 
technology  (NT)  project,  Gruaaan  Aerospace  Corporation  has  designed, 
deaonstrated.  and  lapleaented  an  autoaated  robotic  call  for  drilling  and 
trlaolng  contoured  sheet  aetal  alrfraaa  parts,  such  as  skin  sections  and 
access  panels,  without  the  need  for  teeplatet  to  guide  the  tooling.  The  cell 
that  GruaHn  Installed  In  their  production  facility  went  on-line  In  Tune 
1984.  Full-scale  production  with  the  robotic  cell  began  In  August  1*84,  with 
Ml  parts  prograaMd  for  robotic  aachlnlng  at  the  end  of  1*84. 

Cost  Savinas.  Data  on  robotic  coll  labor  and  aaterlal  requlraaents  ware 
obtained  during  a  January  1*83  deaonstratlon  production  run  lasting  ten  and 
one-half  hours  In  which  b3  contoured  shoot  aetal  detail  parts  such  as  panels, 
doors,  and  skin  sections  were  drilled  and  routed  by  the  deaonstratlon  cell. 
Coaparable  data  on  annual  drilling  and  trlaalng  wore  obtained  froa  a  Gruaaan 
study.  Receipt  of  a are  accurate  data  froa  Gruaaan,  based  upon  their 
experience  with  the  production  coll.  Is  presently  pending. 

Cost  elaaents  Included  In  the  cost  savings  calculations  presented  on  the 
following  pages  are  as  follows: 

e  Annual  autoaated  and  annual  drill/trla  labor  costs 
e  Annual  autoaated  cell  aolntenonce  labor  cost 
e  Annual  autoaated  and  annual  drill  bit  and  router  cutter  costs 
e  Gruaaan  robotic  call  capital  cost 

a  Afterfora  Orllllng/Trlaailng  Facility  capital  lapreveaent  costs 
a  Cell  operator  training  costs 
a  Fart  digitizing  labor  costs 

Tha  basis  for  tha  calculations  Is  exptalnad  In  footnotes  to  the  tables. 

Tha  cost  analysis  focused  on  the  cost  of  tnploylng  a  production  cell 
rather  than  on  the  cost  of  the  deaonstratlon  cell.  Hence,  engineering 
development  costs  ara  not  treated,  and  they  are  assuaed  to  have  been  covered 
by  the  Initial  navair  Investaant.  Actually,  the  robotic  cell  was  designed 
prior  to  Navy  funding,  which  was  usod  primarily  for  financing  system 
Integration.  Also,  no  learning  curve  was  factored  Into  the  calculations;  a 
learning  curve  is  lopllclt  In  the  Increasing  nuaaer  of  parts  produced  each 
year  by  the  single  robotic  coll. 

Calculation  of  ton-year  cost  savings  required  the  projection  of  cost 
savings  for  20  part  copies  per  year  to  the  1**2  project  year.  This 
corresponds  to  aircraft  projected  to  bo  delivered  to  the  government  In  FT 
1*93.  Current  NAVAIR  aircraft  procurement  plans  forecast  aircraft 
acquisitions  only  to  FT  1989.  It  was  considered  reasonable,  however,  to 
assuao  production  of  20  copies  of  the  digitized  aircraft  parts  for  an 
additional  four  years. 

The  developaent  of  off-line  teaching  Is  expected  to  Increase  cost  savings 
beyond  the  level  esttaoted  In  this  analysis.  Fresently,  parts  oust  be 
digitized  on  the  Identical  robotic  cell  that  Is  used  to  drill  and  trim  the 
parts,  thereby  significantly  reducing  the  aachlne-tlae  available  for 
production.  Grumean  officials  are  optimistic  that  a  part  digitizing  technique 
slallar  to  that  usod  on  numerical  control  davlces  will  be  feasible. 

Cost  savings  calculations,  based  upon  available  data,  for  the  ten-year 
period  after  contract  award  are  presented  on  the  following  pages. 


Figure  7  -  Cost  Savings  Narrative 


Total  MmmhI  Mbltlooal  Ubor  Cost  IiKorrtO  by,  or  Labor  Cost  Sa«aO  by  (la  parous)  Maw  Tochnoloyy  ft.848 
Trtlb  I  ?  -  lam 1  MH  Sam  «  tbit  lulmi  BbHrllll  I  Ittimin  (*•!*»  roar  Z:  Oct  83-Sop  M) 


technology-  Of  course.  Increases  In  productivity  could  also  have  occurred 
over  the  same  time  period  if  the  old  technology  had  been  retained. 


The  next  entries  on  Table  B-l  are  the  hourly  rate  (Item  29)  assigned  to 
the  labor  category  and  an  overhead  factor  (Item  30).  If  the  overhead  rate  is 
proprietary  information,  enter  the  total  burdened  rate  in  Item  29.  The  annual 
labor  cost  or  cost  savings  is  calculated  by  multiplying  the  values  in  Items 
26,  28,  29,  and  30,  and  entering  the  product  in  the  last  column  (Item  31). 

The  sum  of  the  itemized  annual  costs  In  this  column,  treating  cost  savings  as 
a  negative  value  when  performing  addition.  Is  the  total  annual  labor  cost  or 
cost  saving  (Item  32). 

In  the  example,  production  of  a  given  number  of  parts  over  the  project 
year  by  the  new  manufacturing  method,  when  compared  with  the  higher 
labor  hours  which  would  have  been  required  to  make  the  same  number  of 
parts  by  the  old  method,  results  in  over  $9,646  in  gross  labor  savings. 

Recurring  costs  other  than  labor  are  similarly  listed  In  Table  B-2  and 

the  Itemized  annual  costs  totaled  (Item  33).  Since  the  number  of  parts  vary 

from  year  to  year  In  this  example,  separate  copies  of  the  recurring  cost 

tables  must  be  prepared  for  each  project  year.  The  data  used  to  prepare  these 

tables  were  obtained  from  the  MT  project  contractor  and  attached  to  the  cost 

savings  report  as  addenda,  which  are  included  as  Figures  9,  10,  and  11.  The 

total  annual  costs  or  cost  savings  for  Table  B-l  (Item  32)  and  Table  B-2  (Item 

33)  are  added  and  entered  on  the  bottom  of  the  page  (Item  34).  Key  entries  on 

these  tables  are  explained  in  footnotes  as  shown  in  Figure  12. 

3. 2. 1.3  Nonrecurring  costs.  Nonrecurring  costs  are  defined  here  as 
costs  which  may  be  Incurred  in  more  than  one  project  year,  but  are  unlike  cost 
Items  such  as  labor,  materials,  and  utilities,  which  must  be  Incurred  In  every 
productive  project  year.  Nonrecurring  costs  and  cost  savings  are  listed  on 
Tables  B-3  and  8-4  as  shown  In  Figure  13. 
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mm  fiva-Ttar  Aircraft  Pracuroamt  Mae 


FT  IMS 

sum 

LLilfil 

11  JIM 

tt-im 

F-14 

24(2) 

24(2) 

12(2) 

12(2) 

24(2) 

A-4E 

4(1) 

0 

0 

0 

0 

C-2 

R(D 

80) 

4(1) 

0 

0 

EA-4R 

Ml) 

4(1) 

4(1) 

Ml) 

4(1) 

E-2C 

4(1) 

4(1) 

4(1) 

4(1) 

4(1) 

TOTAL 

54 

49 

IP 

28 

40 

PR0RUCT10M 
(Inc.  spares) 

Note:  The  figure  In  parentheses  Indicates  the  estleated  nueber  of  spares  idilch  tnaen  will  produce  In  addition 
to  the  procurement  quantity. 

Source:  Aerospace  Dally.  February  11.  1484,  p.  245. 


Figure  9  -  Addendum  1  to  Worksheet  B 
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Util  1=1  t  ■-*  'toot.) 

•Sine*  the  contract  award  data  was  27  Sap  82,  project  years  run  fro* 
October  to  the  following  Septaafeer.  Du*  to  the  10  to  12  north  load  tins 
between  the  aftarfom  drllllng/trlarfng  operation  and  aircraft  delivery, 
tho  Oct  83  to  Sop  84  project  year  corresponds  to  FY8S  on  Addondun  1 ,  the 
Oct  84  to  Sap  88  project  year  corresponds  to  FY84,  etc. 

**A  eoonuter  run  of  candidate  a  1  uni  nun  parts  for  Gnsaaan-produced  aircraft 
Identified  an  approxlaat*  total  of  2.4SO  parts,  although  not  all  parts 
have  a  configuration  suited  to  robotic  drilling  and  trlanlng.  Gnomon 
has  estlnatod  that  a  nlnlma  of  1.000  different  parts  can  be  prograanad 
In  one  year  (2  shifts,  *  days  per  week)  If  the  robot  Is  used  only  to 
digitize  and  no  parts  are  produced.  Qua  to  unavoidable  structural 
variations  between  presunably  simiar  robot  arna.  Gruamn  oust  digitize 
and  produce  parts  on  the  sane  robot.  Fran  June  through  OecoMer  1**4. 
Grumnn  digitized  40  parts  and  fabricated  an  average  of  20  copies  of  each 
part.  In  a  IS  January  IMS  telacon.  Nr.  Jerry  Hal  pom  projected  that 
Gnomon  will  digitize  an  additional  100  parts  each  year  and  nake  20 
copies  of  each  part  In  the  robot's  repertory.  Addondun  1  shows  annual 
procurenents  of  nor*  than  enough  aircraft  to  provldo  the  20  copies. 

Since  Inplenantatlon  of  the  robotic  cell  did  not  begin  until  June  1**4. 
only  24  parts  are  Indicated  for  the  Oct  83  to  Sep  84  project  year.  The 
■old*  and  ‘new*  production  tins  per  parts  are  take*  fren  Addenda  2  and 
3,  respectively. 

•••Rather  than  use  proprietary  Gnamen  labor  rates.  AI8-S2411  Identified  a 
1984  average  burdened  hourly  rate  for  three  najor  naval  aircraft 
aanufacturers  of  SSI. 78.  Consequently,  a  burdened  standard  labor  hour  In 
the  second  project  year  (10/83  -  Ot/84)  costs  SSI. 78.  and  a  burdened 
overtin*  labor  hour  at  tine  and  one-half  costs  about  841 .1*.  The  SS3.11 
hourly  rat*  used  In  Table  8-1  for  labor  under  the  new  technology  over  the 
course  of  project  year  2  was  weighted  to  Include  son*  labor  at  the 
overtin*  rate;  It  reflects  Gruanen 's  plans  to  operate  the  robotic  cell 
for  2  shifts  plus  400  hours  per  year  ovartlne,  or  4240  hours  per  year. 
NAVA  IP's  forward  pricing  agreenent  with  6  rumen  calls  for  a  yearly 
Increase  In  the  burdenod  labor  rates  of  4  percent. 

****lt  Is  presently  estlnated  that  the  cost  of  electricity  and  other 

utilities  Is  about  the  sane  using  either  nanufacturlng  net hod.  The  cost 
of  tnoUtei  used  In  the  ‘old*  nathod  also  roughly  balances  the  cost  of 
the  part  holding  fixtures  used  In  the  ‘new*  technology.  Gruanen  Is  now 
working  on  slapllfylng  the  nodi  fleet Ion  of  part  holding  fixtures.  This 
would  bring  additional  cost  savings. 

““■Hanual  cutter  and  drill  bit  casts  wer*  obtained  fron  Gruanen.  Robotic 
cutter  and  drill  bit  costs  are  based  en  prices  quoted  by  Industrial 
equlpnent  suppliers  for  average  annual  bulk  quantities. 


Figure  12  -  Footnotes  to  Worksheet  B 
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Table  B-3  Is  used  to  account  for  contractor  Investment  costs  such  as 


equipment,  buildings,  and  other  facilities.  However,  long  term  capital  costs 
incurred  by  a  Navy  weapon  system  manufacturer  which  are  not  directly  related 
to  Implementation  and  operation  of  the  new  manufacturing  technology  are  not  to 
be  accounted  for. 

[In  the  example,  Grumman  purchased  an  ASEA  robot  for  the  purpose  of 
modifying  It  to  perform  an  HT  project  related  function,  a  legitimate  HT 
project  Implementation  cost  which  appears  In  Table  B-3. 

Also,  Navy  HT  project  funding  should  be  assumed  to  cover  all  the  costs  of  the 

original  HT  project  completed  by  the  contractor  under  contract  to  the  Navy  HT 

Office. 

'Prior  to  HT  project  completion,  Grumman  expended  some  of  Its  own 
resources  for  the  laboratory  scale  demonstration  of  the  manufacturing 
technology  which  were  In  addition  to  the  amount  of  the  Navy  HT  project 
funding,  an  expense  which  should  be  considered  unrelated  to  the  scope  of 
a  cost  savings  analysis. 

Using  Table  B-3,  Investment  costs  are  Itemized  (Item  35),  and  the 
project  year  In  which  they  are  Incurred  (Item  36)  Is  Identified.  The 
acquisition  cost  of  each  Item  Is  specified  (Item  37)  and  multiplied  by  the 
appropriate  discount  factor  (Item  38)  to  give  the  present  value  of  the 
Investment  (Item  39). 

Where  the  Investments  have  a  longer  economic  life  span  than  their 
operating  period  specified  In  the  cost  savings  analysis.  It  Is  necessary  to 
adjust  Item  39  to  reflect  a  terminal  value  for  the  investment.  NAVFAC 
publication  P-442,  Economic  Analysis  Handbook,  provides  the  following  economic 


life  guidelines: 

ADP  Equipment .  8  years 

Permanent  Buildings . 25  years 

Semipermanent  Buildings,  non-wood . 25  years 

Semipermanent  Buildings,  wood . 20  years 


Temporary  or  Rehabilitated  Buildings 

Operating  Equipment . 

Utilities . 


15  years 
10  years 
25  years 


Use  of  an  accelerated  depreciation  schedule  is  not  recommended  because  it  may 
result  in  an  unrealistically  low  short  term  ROI,  and  also  it  is  not  applicable 
to  organic  Navy  activities. 

In  the  example,  the  robotic  cell  (Item  35)  was  purchased  for  $470,000. 
Although  this  piece  of  operating  equipment  has  an  economic  life  of  10 
years,  this  cost  savings  analysis  covers  a  period  of  time  within  which 
the  equipment  Is  used  for  only  9  years  -  from  October  1983  to  September 
1992.  Consequently,  the  cell  will  have  a  terminal  value  in  FY92  of 
one-tenth  of  its  purchase  price,  or  $47,000.  The  7 -year  discount  factor 
from  FY92  to  FY85,  the  year  this  sample  analysis  was  prepared.  Is  0.538 
(Item  11),  giving  a  discounted  terminal  value  (Item  40)  of  $25,286. 

This  value  (Item  40)  Is  then  subtracted  from  the  discounted  Investment 
(Item  39)  to  give  the  discounted  net  Investment  (Item  41).  Similar 
operations  were  performed  for  the  concrete  pad,  with  an  economic  life  of 
_25  years,  and  the  computer  shack,  with  a  life  of  15  years. 

A  generic  formula  for  this  calculation  is: 

Item  37  value  Discount 

Item  40  =  Economic  Life  x  (Econ.  Life  -  Yrs.  Used)  x  Factor 

The  net  Investment  entries  (Item  41)  are  summarized  In  the  spaces  provided 

(Item  42)  according  to  the  project  year  the  cost  was  Incurred. 

Table  8-4  Is  used  for  listing  training  and  other  miscellaneous 

nonrecurring  costs  or  cost  savings  Items  which  do  not  have  a  terminal  value. 

In  the  example,  the  10-week  training  program  (Item  43)  took  place  within 
portions  of  2  project  years,  and  therefore  2  separate  discount  factors 
were  applied  to  portions  of  the  $18,566  cost.  Also,  In  order  for  the 
robotic  cell  to  drill  and  trim  aircraft  parts,  each  part  must  be 
programmed,  or  digitized.  This  one-time  cost  was  Incurred  over  a  number 
of  project  years,  each  with  different  hourly  rates  and  discount  factors, 
and  the  entry  on  Table  8-4  Is  a  summary  of  the  part  digitizing  schedule. 

The  discounted  cost  entries  (Item  44)  are  summarized  In  the  spaces  provided 

(Item  45)  according  to  the  project  year  the  costs  were  Incurred.  Footnotes  to 

Tables  B-3  and  B-4,  Including  the  digitizing  schedule  referenced  above,  are 

prepared  as  shown  In  Figure  14. 
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*  Tha  Gruaaon  Robotic  Call  cost  tnclvdas  tha  nodal  IRb-40  robot,  Dec  li/M 
alnlconputer.  nodal  5*1  control  lor  and  rolatad  hardwora,  work  stations. 
Rockwall  nodal  211M01C  drill  oad  nodal  ERN240*  rootor  waits,  Acco-labo 
Nodal  ts-10-150-3  lubrication  unit,  autoaatlc  tool  coaplor  systan,  wrist 
aad  bast  brakas.  bast  aount  and  tracks,  and  pnawoatlc  and  alactrlcal 
facllltlas.  Tim  cost  assaclatad  with  nodlfylap  part  haldlap  fixtures  Is 
daalt  with  In  a  footnota  to  Tabla  1-2, 

**  lisa  of  tha  robotic  call  savas  about  10  pore  ant  of  tha  floor  spaca 

required  for  aamtal  opa rot Ions .  Ova  to  dlsrnptlons  that  occnrrad  durlnp 
mionantatloa  (lay  lap  tha  cancrota  pad  and  Install  In*  analpaont). 
howavar,  no  cost  savlnps  ara  c lalned. 

***  Tha  dlpltlzlng  cost  of  tho  annual  n unbar  of  parts  to  ha  dlpltltad  has 
baon  individually  dlscountad  far  aach  yaar  as  fallows: 
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Figure  14  -  Footnotes  to  Tables  B-3  and  B-4 


Figure  15  is  the  final  form  In  the  Worksheet  B  format.  Where  Table  B-3 
was  used  to  list  assets  which  are  newly  acquired  by  a  manufacturer.  Figure  15 
Is  used  to  list  any  assets  which  are  transferred  within  the  manufacturer's 
organization.  Blank  A  (Item  46)  may  be  used  to  enter  the  discounted  value  of 
any  existing  manufacturer  assets  (as  opposed  to  new  capital  Investments)  which 
were  not  utilized  under  the  conventional  manufacturing  technology,  but  are 
committed  to  use  In  production  under  the  new  technology.  Blank  B  (Item  47) 
may  be  used  to  enter  as  a  negative  value  (cost  savings)  the  discounted  value 
of  any  assets  which  were  utilized  under  the  old  technology,  but  are  now 
available  for  uses  unrelated  to  the  NT  project  or  for  other  disposal.  These 
two  values  (Items  46  and  47)  are  added,  and  then  divided  by  the  number  of 
project  years  used  In  the  cost  savings  analysis  (Item  48)  to  derive  an  annual 
present  value  of  existing  assets  (Item  49). 

3. 2. 1.4  Nonrecurring  cost  summary.  Table  B-5  (Figure  15),  is  used  to 
summarize  the  nonrecurring  costs  and  cost  savings  which  were  developed  in  the 
previous  section.  The  project  year  costs  from  Table  B-3  (Item  42)  are 
transferred  to  the  first  row  (Item  50)  of  Table  B-5;  the  costs  from  Table  B-4 
(Item  45)  are  transferred  to  the  second  row  (Item  51);  and  the  value  In  Blank 
0  (Item  49)  Is  entered  for  each  project  year  on  the  third  row  (Item  52).  The 
costs  assigned  to  each  project  year  are  then  totaled  (Item  53).  If  the  number 
of  project  years  exceeds  the  seven  spaces  provided  on  Table  B-5,  additional 
tables  may  be  used  (Figure  16). 

3. 2. 1.5  Form  2.  When  Tables  B-l  through  B-5  are  complete  for  the 
project  years  under  study,  both  gross  and  net  cost  savings  may  be  calculated 
using  Form  2,  Included  as  Figure  17.  Completion  of  Form  2  under  the  "Changed 
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AIM*  (MM  *324*):  Jan  H  Revision 


rntwt  Value  of  Existin'  Assets  1 
Newly  Conaltted  to  Production^) 


Present  veldt  of  Disposed  Assets 
Proa  Old  NT  (Inter  es  e 
nofotlve  velne) 


,© 


MMKSMEET  •  (COOT.) 


Project  Ddretlon  (Veers) 

Used  In  Celcoletlons 

Annuel  Present  Velee  of  Existin' 
Assets  ((A*0)/C) 


Project  Veers 


Totel  P.V.  of  Not  Investment  Dy  Tear  (50) - - 

Cost  Incurred  (froa  TeDle  0-3)  Vy/lll.Hl  0 

Total  P.V.  of  Other  Nonrecurrln'  Costs/^ai 

Cost  Savin's  Dy  Veer  Cost  Incurred  /  \ 20. 044  70,141 

(froa  TeDle  D-4)  Jgj  1 

Annuel  Present  Value  of  Existing.  Mlrn 

Assets  (Enter  Value  0)  |  ]  I  0  0 


Present  Value  of  Nonrocurrlnf  Cost?) 
(Enter  on  Fora  2,  Coluan  4e.)  | 

Source  of  Cost  Savin's  Data: 


14*2, 3*D|  70,141 


1*07 

1*00 

BSD 

1440 

0 

0 

0 

0 

Sl.SSD 

40,473 

47.404 

44.174 

0 

0 
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0 

Sl.SSD 

44.473 

47.404 

44,174 

Figure  15  -  Table  B-5,  Summary  of  Nonrecurring  Costs/Savings 
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NAVA1R  MANUFACTURING  TECHNOLOGY  PROJECT  COST  SAVINGS  ANALYSIS 
FORM  2  -  PROJECT  COST  SAVINGS  (10-Year  Cost  Savings) 


1.  Pro 1 act  Title:  Precision  Robotic  Technology 

2.  Protect  Nuabor:  AIMS  (ONA  83249) 

3.  NAVAIR  Invesfent: 


a.  Current 
Fiscal 

Year 

■ 

C.  NAVAIR 
Funding 
By  FY 

d.  Discount 
Factor 

e.  Present 
Value  of 
Funding 

1985 

1982 

■ 

1.269 

824.850 

Present  Value  of  Total  NAVAIR  Investment 

-  aa.BW 

4.  Vm—rv  nf  T—lawwtatlon  k  Ooeritlna  Costs  and  Cost  Savinas1  l from 
wgfKihfSt  K  9T  81= 


a.  Project 
Year4 

c.  Discount 
FactorJ 

d.  Present 

C.  Present 

f.  Present 

mu 

Value  of 
Recurring 
Costs/  f 
Savings  (  | 

Value  of 
Nonrecurring 

■ijnis 

Value  of 
Annual 

Costs/Savings 

1983 

0 

0 

J  0 

0 

1984 

(9.804) 

1.048 

(10,275)'' 

■— ’'492.39B 

482.123 

1985 

(58,429) 

1.000 

(58.429) 

70,141 

11.712 

1986 

(107.612) 

0.954 

(102,662) 

53,519 

(49.143) 

1987 

(162.476) 

0.867 

(140,867) 

51,556 

(89.311) 

1988 

(223,525) 

0.788 

(176.138) 

49,673 

(126.465) 

1989 

(291,100) 

0.717 

(208,719) 

47,906 

(160,813) 

1990 

(366.016) 

0.652 

(238,642) 

46.174 

(192.468) 

1991 

(448.B91) 

0.592 

(265,743) 

44,440 

(221,303) 

1992 

(537,873) 

0.538 

(289,376) 

42.809 

(246,567) 

Present  Value  of  Gross  Total  Costs/Cost  Savings 

(592,235) 

5.  Net  Total  Cost  Savinas*  (4f  -  3e):  Ten-year  -  -9232.615 

'indicate  cost  savings  (nagatlvi  costs)  on  this  tabic  by  enclosing  In  parentheses. 
‘Include  years  used  to  calculate  ROI  starting  fro*  the  date  of  contract  award. 

3If  4a-3a  -  1,  then  4c  *  0.954  If  4e-3e  -  6,  then  4c 


1. 

2 

3 

4 

5 


0.954 

0.867 

0.788 

0.717 

0.652 


6. 

7 

8 
9 

10 


0.592 

0.538 

0.489 

0.445 

0.405 


4lf  costs  exceed  cost  savings,  this  difference  will  be  a  negative  value. 


Figure  17  -  Form  2  -  Project  Cost  Savings 


Cost"  format  Is  Identical  to  the  "Changed  Price"  format  (Figure  4),  except 
that  nonrecurring  costs  or  cost  savings  are  entered  (Item  54).  Since  these 
values  have  already  been  discounted,  they  are  tranferred  directly  from  Table 
8-5  (Item  53). 

3. 2. 1.6  Form  1 .  After  gross  and  net  cost  savings  are  calculated,  a 
copy  of  Form  1  Is  completed  (Figure  18).  In  this  example,  the  payback  period 
exceeds  10  years. 

3. 2. 1.7  NAVMATINST  4800.360  form.  A  standard  Navy  summary  form  was 
prepared  for  this  sample  project,  as  shown  In  Figure  19. 

3.2.2  Additional  "Changed  Cost"  sample  project.  An  additional  sample 
cost  savings  report,  prepared  for  a  NAVAIR  MT  project  using  the  "Changed  Cost" 
format.  Is  Included  In  Appendix  C. 

4.  RECOMMENDATIONS 

By  using  set  formats  for  cost  savings  analysis  of  MT  projects  (Appendix 
D  contains  reproducible  formats),  the  government  and  weapon  system  contractors 
will  have  a  common  understanding  of  the  type  of  data  needed  for  accurate 
analysis.  If  project  personnel  are  acquainted  with  data  requirements  early  in 
a  project,  they  will  be  able  to  collect  cost  data  on  both  the  conventional  and 
advanced  manufacturing  technologies.  After  a  change  In  production  methods,  it 
Is  difficult  for  manufacturers  to  reconstruct  costs  under  the  old  technology. 

Although  the  model  formats  proposed  here  may  need  modification  or  may 
not  be  useable  for  some  MT  projects,  the  type  of  data  and  explanatory 
Information  shown  In  the  sample  analyses  will  be  needed  for  all  projects. 


NAVAIR  MANUFACTURING  TECHNOLOGY  PROJECT  COST  SAVINGS  ANALYSIS 
FORIU :  PROJECT  SUMMARY 
Project  Title:  Precision  Robotic  Technology 
Protect  Humber:  At 349  (ON A  83249) 

Fiscal  Year  funded:  1982  «.  Tot«)  NAVAIR  funding:  SGSO.ooo 

Aiwlvsli  Prto.  Pate:  Doc  84  A.  Pate.  of  Previous  Submission:  Jon  M 

Nam  of  Preparer:  R.  A.  Rotto,  AIR-5143 

Organization  Imelemntlna  NT:  Grumman  Aorosooco  Corp. 

Bothpogo.  Now  York  11114 

Not  G  Title  of  Principal  Contact:  Anoond  Small.  Group  Hood. 

Advanced  fabrication  System 

Mil  Jf-SflUicm  iMUA-  *1  Sto  82  10.  Pate  of  Contract  Completion:  Jan  84 

Brief  Oescrlotlon  of  Conventional  NT:  Manual  drilling  and  routing  of  alwiniao 
aircraft  detail  parts  using  templates  and  hand  held  tools. 

Brief  Description  of  Advanced  NT:  Automted  drilling  and  routing  of  almlnue 
aircraft  detail  parts  using  a  computer  guided  robotic  cell  consisting  of  a 
track  mounted  robotic  one  that  aoves  between  four  work  stations.  No  templates 
are  needed  to  guide  the  tooling. 

Outputs: 

a.  Discounted  Net  Colt  Savinas  From  implementation  of  NT  Project  Results: 

Ten  year  period  following  contract  award  (In  19BS  dollars)  -  1232,615. 

b.  Nonr^g«ntif1t4.Btnim»: 

e  production  of  consistently  high  quality  parts, 
e  Reduced  rework  and  part  deterioration, 
e  Increased  availability  of  aircraft  to  the  Government, 
e  Reduced  training  and  turnover  of  skilled  workers, 
e  Improved  working  conditions  and  safety. 

c.  Additional  Benefits  Anticipated  In  future: 

e  Improved  cost  savings  from  use  of  off-line  digitizing. 


<>■  Ptrf.rt-- 

In  excess  of  ten  years 


e.  Additional  Contractor  Investment: 

1477,000,  plus  engineering  development 
costs 


NANUFACTU81N8  TCCHNOUXr  PROJECT  COST  SAVINS S  REPORT 
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4. 


UB< 

anting  activities: 

BruaMR  Aerospace  Corporation 
Rethpage.  NT  11114 


Candldata  applications  Includa: 
a  F-14 
a  t-U 
a  C-2 
a  CA-61 
a  E-ZC 


S. 


$*30,000  -  NAVAIR  NT  projact  cost. 

Contractor  Investaent  was  $477,000  for  capital  egulpaent  and  raal 
property  laprovaaents,  plus  an  anspaclflad  Mount  of  anglnaarlng 
developaent  costs. 


I.  COST  SAVINGS: 

o  16-Year  (Oct  12  -  Sap  12)  -  -$212,113  (100$  dollars)* 
a  Supporting  backup  data  for  those  cost  savings  figures  are  on  the 
following  pages 

Maim  t&mn  a  BMBB^jLmu  st  at  noag: 

Production  scale  laplaaantatlon  of  tha  aanufacturlng  technology 
davaloped  In  this  projact  began  In  August  1984  on  sheet  natal  parts. 
The  projact  results  have  bean  dlstanlnatad,  and  a  February  1984  and -of 
projact  danonstratlon  was  heavily  attended.  InplananUtlon  by  Gruannn 
of  tha  precision  robotic  technology  on  tha  fabrication  of  coapostte 
parts  Is  currently  under  study.  Ne  further  action  Is  necessary. 

•This  figure  reflects  tha  nil  cost  savings  to  NAVAIR  froa 
laplaaantatlon  of  the  ftruaaan  robotic  call  In  sheet  natal  part 
production  only.  Tha  areas  savings  far  tha  saaa  period  are  $$12.23$. 
Additional,  and  roughly  agulvalant,  gross  cost  savings  are  expected  to 
accrue  froa  laplaaantatlon  In  coMostte  part  production. 


Figure  19  -  NAVMATINST  4800. 36D  Report  Format 


Furthermore,  these  procedures  use  data  typically  found  In  manufacturers1 
accounting  systems,  they  are  applicable  to  a  wide  range  of  MT  projects 
Including  those  of  other  SYSCONs  and  military  services,  and  minimal  training 
In  accounting  or  cost  analysis  Is  needed  to  prepare  reports. 

The  procedures  for  cost  savings  analysis  of  Navy  MT  projects  suggested 
In  this  document  provide  a  basis  for  Issuing  guidelines  to  clarify  contractor 
reporting  requirements.  Clear  guidelines  will  ease  the  problem  of  obtaining 
data  from  contractors.  When  a  reporting  format  and  guidelines  are  finalized, 
a  copy  should  be  distributed  to  each  contractor  several  months  before  the 
annual  cost  savings  report  Is  due.  Navy  MT  Office  personnel  should 
participate  In  the  reporting  process  by  responding  to  questions  from 
contractors,  reviewing  draft  reports,  and  ensuring  that  the  reports  are 
entered*  Into  the  appropriate  Navy  management  information  systems. 

In  addition,  new  contracts  now  require  that  the  contractor  furnish  data 
on  the  cost  of  a  unit  of  production  under  both  the  old  and  new  manufacturing 
technology.  Appropriate  safeguards  will  maintain  the  confidentiality  of 
proprietary  Information.  Navy  personnel  should  be  designated  to  scrutinize 
new  contracts  to  ensure  that  contractor  reporting  requirements  are  clearly 
Identified. 

This  requirement  has  been  drafted  In  the  form  of  a  OD  Form  1423, 

Contract  Data  Requirements  List  (CDRL).  The  DO  Form  1664,  Data  Item 
Description,  referenced  In  the  CDRL  contains  requirements  which  are  based  upon 
the  guidelines  recommended  In  this  document.  Both  draft  forms  are  contained 
In  Appendix  E.  In  addition,  a  cost  savings  data  collection  task  has  been 
drafted  for  future  Inclusion  In  all  NAVAIR  MT  project  work  statements. 

Adoption  of  both  documents  will  greatly  facilitate  cost  savings  reporting. 
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EXCERPT  FROM  HAVMATINST  4800. 36D 


NAVMATINST  4800.360 


20  July  1979 


FORMAT  AND  INSTRUCTIONS  FOR 
MANUFACTURING  TECHNOLOGY  PROJECT 
COST  SAVINGS  REPORT 


MANUFACTURING  TECHNOLOGY  PROJECT  COST  SAVINGS  REPORT 


PROJECT  NO.  _ (1) 

PROJECT  TITLE  _ (2) 

PERIOO  COVEREO  _ (3) 

APPLICATION  _ (4) 

TOTAL  COST  INCURRED  _ (5) 

COST  SAVINGS  _ (6) 


1.  Project  No.  Insert  the  project  Identification  number  assigned. 

2.  Project  Title.  Enter  the  title  of  the  project  exactly  as  stated  on  the 
approved  Project  Proposal  Brief  Form  (NAVMAT  4800/2). 

3.  Period  Covered.  Insert  the  dates  of  the  period  covered  by  the  report.  If 
final  report,  so  state. 

4.  Application.  List  the  name  and  address  of  the  Government  Installation 
and/or  the  contractor  facility  where  the  project's  results  are  being  applied 
to  effect  cost  savings,  and  describe  the  specific  applications. 

5.  Total  Cost  Incurred.  Provide  the  detailed  cost  related  to  the  application 
of  the  project  results  with  supporting  back-up  data.  Include  all  project 
funding,  required  Implementation  costs,  capital  Investments  required,  training 
costs,  etc. 

6.  Cost  Savings.  Provide  detailed  cost  savings  resulting  from  the 
application  of  the  project  with  supporting  back-up  data. 

7.  Actions  Taken  or  Recommended  as  a  Result  of  the  Project.  State  what 
actions  have  been  taken  or  are  required  to  accrue  the  benefits  of  this 
project.  Include  recommendations  for  other  commands/services  application  of 
this  project. 
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MANUFACTURING  TECHNOLOGY  PROJECT  COST  SAVINGS  REPORT 


PROJECT  NO.: 

A0475  (ONA  00475) 

PROJECT  TITLE: 

Fine  Blanking  for  Fluidic  Circuits 

PER100  COVERED: 

Jun  78  -  Oec  89 

APPLICATION: 

Implementing  activities: 

•  Garrett  Pneumatic  Systems  Division 
1300  W.  Warner  Road 

Tempe,  AZ  85282 

Candidate  applications  Include: 

•  AV-8B  gun  drive 

•  F/A-18  environmental  control  system 

•  F/A-18  auxiliary  power  turbine  Inlet  guide  vane  control 

•  Sidewinder  (AIM-9M)  and  Maverick  missiles 

TOTAL  COST  INCURRED: 

•  $234,000  -  NAVAIR  MT  project  cost, 

e  Contractor  costs  not  available. 

COST  SAVINGS: 

e  12-Year  (Jun  78  -  May  90)  =  $820,715  (1985  dollars) 

ACTIONS  TAKEN  OR  RECOMMENDED  AS  A  RESULT  OF  THE  PROJECT: 


Implementation  of  the  manufacturing  technology  established  In  this 
project  was  begun  In  1981,  with  production  of  limited  quantities 
beginning  In  January  1983.  The  project  results  have  been  disseminated 
and  there  Is  potential  for  Implementation  by  the  other  military 
services.  Significant  cost  savings  are  expected  to  accrue  beginning  In 
1987  and  1988  with  the  production  of  fluidic  circuits  for  use  In  large 
numbers  of  Maverick  and  Sidewinder  missiles.  Implementation  Is  also 
planned  for  the  Air  Force  Maverick  missile,  and  Garrett  Is  actively 
marketing  fluidic  circuits.  No  further  action  Is  necessary. 


NAVAIR  MANUFACTURING  TECHNOLOGY  PROJECT  COST  SAVINGS  ANALYSIS 


FORM  1 :  PROJECT  SUMMARY 


1.  Project  Title:  Fine  Blanking  for  Fluidic  Circuits 

2.  Project  Number:  A0475  (DNA  00475) 

3.  Fiscal  Year  Funded:  1978  4.  Total  NAVAIR  Funding:  $234,000 

5.  Analysis  Prep.  Date;  Aug  85  6.  Date  of  Previous  Submission:  Dec  84 

7.  Name  of  Preparer:  Brian  Scolplno 

8.  Organization  Implementing  MT:  Garrett  Pneumatic  Systems  Division 

1300  W.  Warner  Road 
Tempe,  AZ  85282 

Name  &  Title  of  Principal  Contact:  James  Roundy  (602)  893-5799 

9.  Date  of  Contract  Award:  Jun  78  10.  Date  of  Contract  Completion:  Dec  80 

11.  Brief  Description  of  Conventional  MT:  Close  tolerance  photochemical  etching 
of  fluidic  laminates. 


12.  Brief  Description  of  Advanced  MT:  Fine  blanking  and  precision  stamping 
produces  high  quality,  mass  producible  laminates  for  fluidic  circuits. 


13.  Outputs : 


a.  Discounted  Net  Cost  Savings  From  Implementation  of  MT  Project  Results: 
Twelve-year  period  following  contract  award  (in  1985  dollars)  =  $820,715. 

b.  Non-Ouantlf led  Benefits: 

e  Improvement  In  circuit  performance  by  a  factor  of  10 

•  Production  of  a  laminate  suited  to  automated  assembly 

e  Demonstration  of  a  new  method  for  making  high  precision  parts  which  can 
be  applied  to  other  products 
e  Increased  availability  of  fluidic  circuits 

•  Increased  weapon  system  reliability 

c.  Additional  Benefits  Anticipated  In  Future; 

e  Greatly  expanded  scope  of  fluidic  circuit  applications.  Including 
substitution  for  some  electronic  circuits. 


d.  Payback  Period: 

10  years,  2  months  (10.19 
years) 


e.  Additional  Contractor  Investment: 
Information  not  available 


f .  Return  On  Investment: 
12-Year  ROI  -  6.43 


g.  Discounted  Cumulative  Gross  Savings 
to  Pate: 

$57,468 


b-; 


A047S  (ONA  00475) 


COST  SAVINGS  NARRATIVE 


BACKGROUND.  When  used  aboard  military  aircraft  and  missiles,  fluidic 
circuits  perform  many  of  the  same  functions  as  electronic  circuits,  but  are 
practically  Impervious  to  shock,  heat,  and  electromagnetic  pulse  (EMP). 

Former  production  methods  for  the  manufacture  of  fluidic  laminates,  which  are 
assembled  In  stacks  to  produce  fluidic  circuits,  required  photochemical 
etching  with  the  attendant  requirements  for  very  close  control  of  acid 
concentration,  bath  time,  and  metal  type  and  thickness.  This  MT  project  was 
funded  to  establish  precision  stamping  and  fine  blanking  processes  as 
alternative  means  of  consistently  mass  producing  high  quality,  low  cost 
fluidic  laminates  with  consistent  and  repeatable  performance  characteristics 
for  use  In  fluidic  control  systems. 

The  project  was  completed  In  December  1980  at  a  cost  to  NAVAIR,  the  sole 
sponsor,  of  $234,000.  The  MT  project  contractor,  Garrett  Pneumatic  Systems 
Olvlslon  (Garrett  Corp.,  Phoenix,  AZ),  began  Implementation  of  the  fine 
blanking  and  precision  stamping  processes  for  manufacture  of  significant 
quantities  of  thler  fluidic  circuits  In  January  1983.  Since  precision 
stamping  provides  similar  results  at  a  somewhat  lower  cost  than  fine  blanking, 
only  the- precision  stamping  process  shall  be  used  by  Garrett  for  NAVIAR 
applications,  and  this  process  shall  be  used  In  conjunction  with  a  high 
production  rate  automatic  circuit  assembly  method  (funded  by  NAVAIR  as  MT 
Project  A0652)  which  has  entered  Implementation  at  Garrett  facilities. 

Applications  for  fine  blanked  or  precision  stamped  fluidic  circuits  have 
been  limited  to  date  to  the  F/A-18  environmental  control  system  for 
electronics  cooling,  the  F/A-18  auxiliary  power  turbine  Inlet  guide  vane 
controls,  and  Sidewinder  and  Maverick  missiles.  Full  qualification  of  the 
Maverick  missile  and  design  qualification  of  the  Sidewinder  missile  Is 
expected  by  the  end  of  this  fiscal  year,  and  production  qualification  of 
Sidewinder  Is  expected  by  the  end  of  FY86.  Beginning  In  FY87,  fluidic  systems 
will  become  an  increasingly  common  component  of  missiles. 

COST  SAVINGS.  Conventional  manufacturing  methods  have  been  adequate  for  the 
limited  quantity  and  variety  of  fluidic  circuits  required  for  military 
applications.  With  the  Increased  demand  for  these  devices  resulting  from 
their  qualification  for  aircraft  and  missile  applications,  however, 
significant  cost  savings  are  anticipated  from  the  use  of  the  Improved 
production  methods. 

The  Worksheet  A  format  was  used  to  calculate  annual  cost  savings  because 
detailed  data  on  recurring  and  nonrecurring  costs  are  not  presently  available 
from  Garrett.  Garrett's  position  Is  that  their  current  contractual 
committments  do  not  provide  funding  for  the  data  collection  and  analysis 
necessary  to  complete  the  more  detailed  (Worksheet  B)  cost  savings  analysis 
format.  Hence,  It  Is  not  presently  possible  to  Independently  conform 
Garrett's  estimate  of  unit  cost  savings. 


A047S  (DNA  00475) 


The  Cost  Savings  Per  Unit  figures  In  Tables  A-l  are  Garrett's  estimated 
unit  cost  savings  to  the  Navy  which  can  be  directly  attributed  to  this  MT 
project.  They  represent  cost  savings  per  unit  over  a  12-month  period  In  which 
circuit  production  times  have  been  averaged  to  reflect  varying  laminate 
production  times.  The  unit  cost  savings  estimates  are  conservative  as  they  do 
not  account  for  Inflation  nor  for  new  applications  which  are  likely  to  develop 
beyond  the  F/A-18,  Sidewinder  and  Maverick  circuit  procurement  quantities 
Identified  In  Addendum  1.  The  procurement  quantities  Idendlfled  In  Addendum  1 
reflect  NAVAIR  applications  for  Garrett  Corp.  fluidic  circuits  which  are 
presently  under  contract  or  under  negotiation  with  prime  contractors.  The 
cost  savings  data  In  Tables  A-1  were  obtained  from  Mr.  James  Roundy, 
Manugacturlng  Technology  Office,  and  Mr.  Lawrence  E.  Scheer,  formerly  of  the 
Manufacturing  Technology  Office,  Garrett  Pneumatic  Systems  Division. 

The  Garrett  Manufacturing  Technology  Office  Is  supportive  of  NAVIAR's 
Interest  In  obtaining  more  detailed  recurring  and  nonrecurring  cost 
Information,  but  suggests  that  such  efforts  could  best  be  addressed  by  a 
separate  program  or  contract.  According  to  the  project  manager,  current  data 
on  labor  hours  for  cleaning,  assembling,  brazing,  and  other  production  steps 
are  not  consistent;  and  It  was  necessary  for  him  to  weight  and  Interpret  the 
data  to  obtain  the  estimates  listed  In  Addendum  1  and  used  In  Tables  A-1.  As 
full  scale  Implementation  of  the  new  production  method  gets  underway,  however, 
more  data  on  capital  and  labor  costs  directly  attributable  to  project 
Implementation  should  become  available. 

Cost  savings  based  upon  available  data  for  the  twelve-year  period  after 
contract  award  are  presented  on  the  following  pages. 
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FORM  2  -  PROJECT  COST  SAVINGS  (12-Year  Cost  Savings) 


Project  Title:  Fine  Blanking  for  Fluidic  Circuits 


Project  Number:  A0475  (ONA  0047) 


NAVAIR  Investment: 


a.  Current 
Fiscal 
Year 


b.  Fiscal 
Years 
Funded 


C .  NAVAIR 
Funding 
By  FY 


234, 


d.  Discount  e.  Present 
Factor  Value  of 

Funding 


1.859  435,006 


Present  Value  of  Total  NAVAIR  Investment  I  435.006  1 

Summary  of  Implementation  &  Operating  Costs  and  Cost  Savings1 (from  Worksheet 


a.  Project  b.  Recurring 
Year*  Costs/ 

Savings 


0 

0 

0 

0 

(6,930) 

(23,375) 

(22,935) 

(8,580) 

(38,720) 

(296,120) 

(762,630) 

(580,360) 


c.  Discount  d.  Present  e.  Present  f.  Present 


Factor 


0 
0 
0 

.153 
.048 
1.000 
.954 
.867 
.788 
0.717 
0.652 


Value  of  Value  of  Value  of 

Recurring  Nonrecurring  Annual 
Costs/  Costs/  Costs/Savings 

Savings  Savings 


0 

0 

0 

0 

(7,990) 

(24,497) 

(22,935) 

(8,185) 

(33,570) 

(233,343) 

(546,806) 

(378,395) 


0 

(7,990) 

(24,497) 

(22,935) 

(8,185) 

(33,570) 

(233,343) 

(546,806) 

(378,395) 


Present  Value  of  Gross  Total  Costs/Cost  Savings |  (1,255,721) 

Net  Total  Cost  Sav1ngs*(4f  -  3e):  Twelve-year  =  $820,715 
Indicate  cost  savings  (negative  costs)  by  enclosing  In  parentheses. 

Include  years  used  to  calculate  R0I  starting  from  the  contract  award  date. 

If  4a-3a  »  1,  then  4c  *  0.954  If  4a-3a  -  6,  then  4c  =  0.592 


0.867 

0.788 

0.717 

0.652 


0.538 

0.489 

0.445 

0.405 


If  costs  exceed  cost  savings,  this  difference  will  be  a  negative  value. 


The  first  project  year  is  the  12-toonth  period  following  the  contract  award  for  the  MT  project.  This  is 
because  the  Mavy  requires  that  the  period  used  to  calculate  the  ROI  begin  with  the  contract  award  date. 


ect:  Fluidic  circuits 


following  the 
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following  the  contract  award  for  the  MT  project.  This  is 
to  calculate  the  ROI  begin  with  the  contract  award  date. 


A0475  (ONA  00475):  12-Year  Cost  Savings 


*  The  contract  for  the  MT  project  was  awarded  in  June  1978,  thus  each 
project  year  dates  from  June.  The  project  results  were  not  implemented 
and  no  auditable  cost  savings  accrued  until  January  1983. 

**  The  data  are  not  available  (ONA).  Garrett  Corporation  furnished  cost 
data  in  the  form  of  cost  savings  per  fluidic  circuit  only.  Reliable 
data  on  unit  prices  under  the  conventional  manufacturing  technology  are 
presently  unavailable  from  Garrett  as  explained  in  the  Cost  Savings 
Narrative. 

***  The  data  are  not  available  (ONA).  Garrett  Corporation  is  unwilling  to 
quote  the  unit  price  under  the  new  manufacturing  technology  at  this 
time. 

****  Since  the  project  years  used  for  Table  A-l  run  from  June  to  May,  while 
annual  unit  procurement  figures  (provided  in  Addendum  1)  correspond  to 
the  calendar  year,  the  figures  In  the  "No.  Units  Procured"  column  have 
been  adjusted  to  correspond  to  the  June  to  May  project  year: 

Calendar  Year  Totals  Project  Year  Equivalent 


F/A-l 8 

1979 

0 

0 

1980 

0 

0 

1981 

0 

0 

1982 

0 

0 

1983 

150 

63 

1984 

200 

171 

1985 

90 

154 

1986 

90 

90 

1987 

90 

90 

1988 

90 

90 

1989 

90 

90 

1990 

0 

52 

Sidewinder 


r-S* 
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ADDENDUM  1 

FINE  BLANKING  OR  PRECISION  STAMPING  APPLICATIONS  UNDER  CONTRACT 


A047S  (DNA  00475):  12-Year  Cost  Savings 


ADDENDUM  1 

Fine  Blanking  or  Precision  Stamping  Applications  Under  Contract* 


SYSTEM 

COMPONENT 

UNIT  MT 

ANNUAL  MT 

APPLICATION 

CY 

QUANTITY 

QUANTITY 

SAVINGS 

SAVINGS  ($) 

F-18 

1983 

150 

150 

55 

8,250 

1984 

55 

isjrafo  iMiTiTf 

1985 

90 

55 

4,950 

1986 

90 

90 

55 

4,950 

1987 

90 

90 

55 

:  tB§! 

1988 

90 

90 

55 

■BOt "  *»i 

1989 

90 

90 

55 

4,950 

SIDEWINDER 

1983 

75 

150 

55 

8.250 

1984 

150 

300 

55 

1985 

40 

55 

1986 

20 

40 

55 

2,200 

1987 

20 

40 

55 

2,20 0 

“ 

1988 

55 

/  ■ ,  |IjWlV[*|| 

1989 

■mEZJm 

6,000 

55 

MAVERICK 

1983 

0 

0 

NA 

0 

1984 

25 

55 

5,500 

1985 

7 

30 

55 

1986 

5 

20 

55 

1987 

1,350 

55 

1988 

MgMW-K^WSm 

8,760 

55 

481 ,800 

1989 

3,000 

12,000 

55 

TOTAL 

1983 

225 

300 

16,500 

1984 

375 

1985 

117 

160 

1986 

115 

160 

1987 

450 

1,480 

81,400 

1988 

3,290 

10,850 

596,750 

1989 

6,090 

18,090 

994,950 

*These  data  were  furnished  by  Mr.  James  Roundy,  Manufacturing  Technology 
Office,  and  Mr.  Lawrence  E.  Scheer,  formerly  of  the  Manufacturing  Technology 
Office,  Garrett  Pneumatic  Systems  Division,  In  August  and  November  1984.  The 
production  and  cost  savings  figures  for  1985-89  were  revised  by  Mr.  Roundy  In 
June  1985  based  on  conservative  projections. 
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PROJECT  NO. : 

A0703  (DNA  00703) 

PROJECT  TITLE: 

Critical  Aircraft  Bearing  Refurbishment 

PERIOD  COVERED: 

Aug  80-Jan  85 

APPLICATION: 

Implementing  activities: 

•  NAVAIREWORKF AC-North  Island  (Code  341) 

Building  341 

San  Diego,  CA  92135 

Candidate  applications  Include: 

•  J52,  TF34,  J79 ,  and  LM2500  engine  bearings. 

•  H-46  helicopter  swashplate  bearings. 

TOTAL  COST  INCURREO: 

e  $240,000  -  NAVAIR  MT  project  cost. 

•-  Capital  equipment  costs  are  not  yet  available. 

COST  SAVINGS: 

•  5-Year  (Sep  80-Aug  85)  *  -$300,077  (1985  dollars) 

•  10-Year  (Sep  80-Aug  90)  =  $7,483,655  (1985  dollars) 

•  Supporting  back-up  data  for  these  cost  savings  figures  are  on  the 
following  pages. 

ACTIONS  TAKEN  OR  RECOMMENDED  AS  A  RESULT  OF  THE  PROJECT: 

Implementation  of  the  manufacturing  technology  developed  In  this 
project  began  In  December  1982  with  refurbishment  of  J52  engine 
bearings.  Dissemination  of  project  results  will  occur  principally  by 
means  of  a  technical  manual  to  update  bearing  rework  procedures.  The 
manual  will  be  published  concurrent  with  the  FY85  completion  of  NAVAIR 
MT  project  A1447  (DNA  83347),  Bearing  Diagnostics  and  Refurbishment. 

Barriers  which  have  delayed  accrual  of  the  benefits  of  this  project 
Include: 

e  Acquiring  additional  funding  for  capital  equipment  and  supplies 
purchases. 

•  Qualification  of  bearings  (In  addition  to  J52  bearings)  for 
refurbishment. 

e  NAVAIR  approval  for  publication  of  an  updated  Aviation  Supply 
Office  (ASO)  Field  Instruction  (FASOINST  4030.5)  which 
Identifies  192  bearing  refurbishment  candidates  and  directs 
shipment  of  these  used  bearings  to  North  Island. 

•  Revision  of  the  National  Stock  Number  (NSN)  Maintenance  and 
Repair  (MGR)  codes  to  change  bearings  from  consumable  to 
repairable. 
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FORM  1 :  PROJECT  SUMMARY 

Project  Title:  Critical  Aircraft  Bearing  Refurbishment 
Project  Number:  A0703  (ONA  00703) 

Fiscal  Year  Funded:  1980  4.  Total  NAVAIR  Funding:  $240,000 

Analysis  Prep.  Date:  Oec  84  6.  Date  of  Previous  Submission:  None 

Name  of  Preparer:  R.  A.  Retta,  AIR-5143 

Organization  Implementing  MT;  NAVAIREWORKFAC -North  Island  (Code  341) 

Bldg  341 

San  Diego,  CA  92135 

Name  &  Title  of  Principal  Contact:  Gary  Kuhlman,  Bearing  Section  Chief 

Date  of  Contract  Award:  Aug  80  10.  Date  of  Contract  Completion:  Sep  82 


P 


11.  Brief  Description  of  Conventional  MT:  Old  bearings.  Including  expensive  jet 
engine  malnshaft  bearings,  were  disposed  of  as  scrap.  Replacements  were  new 
bearings  procured  from  bearing  manufacturers. 

12.  Brief  Description  of  Advanced  MT:  Salvageable  used  bearings  are  cleaned. 
Inspected,  reground,  replated,  outfitted  with  new  balls  or  rollers, 
reassembled,  adjusted  to  blueprint  specifications,  tested, and  shipped  back  to 
the  rework  depots. 


13.  Outputs: 


a.  Discounted  Net  Cost  Savings  From  Implementation  of  MT  Project  Results: 

Five  years  following  contract  award  (In  1985  dollars)  =-$300,077. 

Ten  years  following  contract  award  (In  1985  dollars)  =  $7,483,655. 

b.  Non-Ouantlf led  Benefits: 

t  Reduced  supply  problems  from  long  lead  times  In  the  bearing  Industry. 

•  Improved  management  of  strategic  materials  In  short  supply  by 
eliminating  material  waste. 

c.  Additional  Benefits  Anticipated  In  Future: 

•  Additional  bearings  qualified  for  rework. 


d.  Payback  Period:  e. 

5  years,  3  months  (5.23 
years) 

f.  Return  On  Investment:  g. 

5-Year  ROI  =  -0.68 
10-Year  ROI  =  43.81 


Additional  Contractor  Investment: 
None  to  date 


Discounted  Cumulative  Gross  Savings 
to  Date: 

$42,685 


C-2 


A0703  (DNA  00703) 


COST  SAVINGS  NARRATIVE 


Background.  As  a  result  of  NAVA1R  HT  project  A0703  (ONA  00703), 

"Critical  Aircraft  Bearing  Refurbishment,"  production  processes  have  been 
developed  for  refurbishing  used,  rejected  rolling  element  bearings  used  in  gas 
turbine  engines,  transmissions,  and  gear  trains  for  Navy  aircraft  and  some 
ships.  Presently,  many  expensive,  critical,  rolling  element  bearings  are 
scrapped  by  aircraft  maintenance  and  overhaul  facilities  because  of 
nonconformance  to  dimensional  tolerances  and  defect  limits.  This  has  caused 
two  problems:  (1)  supply  problems  due  to  long  lead  times  within  the  bearing 
Industry;  and  (2)  increasing  costs  due  to  the  dramatic  rise  In  the  purchase 
price  of  bearings  In  recent  years. 

This  HT  project  developed  equipment  and  procedures  for  rebuilding  used  or 
rejected  bearings  to  a  serviceable  condition.  A  first  phase  In  the  NAVAIR 
bearing  refurbishment  effort.  It  was  completed  In  September  1982  with  a  total 
cost  to  the  government  of  $240,000. 

As  a  result  of  this  project,  many  tons  of  critical,  short-supply  bearings 
will  be  salvaged  for  reuse.  The  Naval  Air  Rework  Facility-North  Island  (San 
Diego,  CA)  completed  the  HT  project  and  will  take  the  lead  In  bearing 
refurbishment  for  NAVAIR.  The  other  rework  depots  will  ship  used  bearings  to 
North  Island,  and  refurbished  bearings  will  be  returned  to  the  depots. 

Since  project  completion.  North  Island  has  refurbished  over  100  352  engine 
No.  1  malnshaft  bearings.  Refurbishment  of  additional  bearings  by  North 
Island  awaits  additional  funding  for  capital  equipment  purchases, 
qualification  of  the  additional  bearings  for  refurbishment,  NAVAIR  approval 
for  publication  of  an  updated  Aviation  Supply  Office  (ASO)  Field  Instruction 
(FAS0INST  4030.5)  which  Identifies  192  bearing  refurbishment  candidates  and 
directs  shipment  of  these  used  bearings  to  North  Island,  and  a  revision  of  the 
National  Stock  Number  (NSN)  Halntenance  and  Repair  (H&R)  codes  to  change  the 
classification  of  bearings  from  "consumable,"  to  "repairable."  Refurbished 
TF34,  352,  379,  and  LH2500  engine  malnshaft  bearings  are  presently  In  the 
prototype  phase  and  the  TF34,  379,  and  352  No.  4,  4  1/2,  and  6  bearings  have 
successfully  completed  engine  tests. 

Cost  Savings.  Rework  of  the  352  No.  1  bearing  began  In  December  1982, 
and  continues.  The  schedule  for  rework  of  additional  bearings  Is  presently 
uncertain.  The  cost  savings  analysis  Is  based  on  an  assumption  that  North 
Island  can  begin  refurbishment  of  the  annual  quantities  of  352,  TF34,  379,  and 
LH2500  engine  bearings,  and  H-46  helicopter  swashplate  bearings  Identified  In 
Addendum  1  In  FY86.  North  Island  has  experienced  an  unexpected  delay  In 
obtaining  NAVAIR  approval  of  the  new  field  Instruction  and  H&R  codes,  and 
funding  problems  have  delayed  acquisition  of  the  necessary  equipment  and 
supplies.  In  the  event  of  further  delays,  the  commencement  of  full  production 
and  the  accrual  of  major  cost  savings  may  be  set  back  again.  The  annual 
quantity  estimates  are  considered  conservative,  assuming  full  production. 


A0703  (DNA  00703) 


Cost  savings  are  achieved  as  a  result  of  the  low  cost  of  labor  and 
replacement  parts  needed  to  refurbish  used  bearings  as  compared  to  the  high 
cost  of  procuring  new  bearings.  North  Island  has  found  the  labor  cost  of 
refurbishing  various  bearings  to  be  constant;  rework  cost  variations  between 
bearings  are  related  principally  to  the  number  of  replaceable  parts,  as 
Identified  In  Addendum  1.  Significantly  greater  cost  savings  per  unit  may  be 
achieved  because  over  one-half  of  the  rework  labor  time  Identified  In  this 
analysis  Is  required  for  grinding  and  replating  outer  and  Inner  bearing 
surfaces;  Initial  results  suggest  that  this  rework  step  may  be  unnecessary  for 
a  significant,  but  as  yet  unidentified,  percentage  of  used  bearings. 

A  second,  three-year  long  MT  project,  A1447  (DNA  83347),  began  In  FY  1983 
and  will  further  advance  the  Level  II  refurbishment  techniques,  develop 
additional  Level  III  regrinding  techniques,  and  produce  a  generic  manual  on 
bearing  rework  procedures. 

Project  cost  savings  calculations  for  the  five  year  and  ten  year  periods 
after  contract  award  are  presented  on  the  following  pages. 
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FORM  2  -  PROJECT  COST  SAVINGS  (10-Year  Cost  Savings) 

1.  Project  Title:  Critical  Aircraft  Bearing  Refurbishment 

2.  Project  Number:  A0703  (ONA  00703) 

3.  NAVAIR  Investment: 


a.  Current 
Fiscal 
Year 


b.  Fiscal 
Years 
Funded 


C.  NAVAIR 
Funding 
By  FY 


d.  Discount  e.  Present 
Factor  Value  of 

Funding 


1 .534  368,160 


368.160 


Worksheet  A  or  B 


a.  Project  b.  Recurring  c.  Discount  d.  Present  e.  Present  f.  Present 


Costs/ 

Savings 


Factor  Value  of  Value  of  Value  of 

Recurring  Nonrecurring  Annual 
Costs/  Costs/  Costs/Savings 

Savings  Savings 


981 

0 

1.395 

1.269 

0 

0 

0 

982 

0 

0 

0 

0 

983 

(15,147) 

1.153 

(17,464) 

11,530 

(5,934) 

984 

(22,950) 

1.048 

(24,052) 

0 

(24,052) 

985 

(38,097) 

1.000 

(38,097) 

0 

(38,097) 

986 

(2,135,810) 

0.954 

0.867 

(2,037,563) 

712,520 

(1,325,043) 

987 

(2,135,810) 

(1,851,747) 

0 

(1.851,747) 

988 

(2,135,810) 

0.788 

(1,683,018) 

0 

(1,683,018) 

989 

(2,135,810) 

0.717 

(1,531,376) 

0 

(1,531,376) 

990 

(2,135,810) 

0.652 

(1,392,548) 

0 

(1,392,548) 

Present  Value  of  Gross  Total  Costs/Cost  Savings 

(7,851,815) 

5.  Net  Total  Cost  Savings4  (4f  -  3e):  Ten-year  =  $7,483,655 

1 1ndicate  cost  savings  (negative  costs)  on  this  table  by  enclosing  In  parentheses 
2Include  years  used  to  calculate  ROI  starting  from  the  date  of  contract  award. 

3If  4a-3a  *  1,  then  4c  *  0.954  If  4a-3a  -  6,  then  4c  *  0.592 

II 


0.954 

0.867 

0.788 

0.717 

0.652 


If  4a-3a 

M 


■  6,  then  4c 

7  " 

8  " 

9  " 

10  " 


0.592 

0.538 

0.489 

0.445 

0.405 


If  costs  exceed  cost  savings,  this  difference  will  be  a  negative  value. 
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Additional  ODC  Incurred  By  or  OOC  Saved  By  (In  parens)  New  Technology  (315.000 
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WORKSHEET  B  (CONT.) 


Table  B-l  &  B-2  (Cont.' 


(1)  Bearings  which  are  candidates  for  Level  II  rework  are  listed  In  this 
column  Instead  of  labor  categories.  Labor  categories  are  not  relevant 
because  the  NAVAIRWORKFAC  North  Island  Bearing  Shop  charges  NAVAIR  a 
flat  hourly  rate  (see  Table  B-l,  Footnote  4)  for  all  work  performed  In 
the  shop. 


(2)  Level  II  bearing  rework  consists  of  the  following  steps  for  each 
bearing: 


1.  Cleaning  and  visual  Inspection  12  min. 

2.  Disassembly  and  reassembly  36  min. 

3.  Grinding  and  replating  outside  diameters  (ODs)  and 

Inside  diameters  (IDs)  96  min. 

4.  Stripping  and  replating  retainers  18  min. 

5.  Bearing  handling,  packing,  and  shipping  18  min. 

TOTAL  180  min.  (3.0 

hrs.) 


The  T2  minutes  allotted  for  Step  1  Includes  the  time  required  to  Inspect 
bearings  that  are  found  to  be  unsalvageable.  From  10  to  70  percent  of 
bearings  entering  the  shop  are  salvageable;  the  median  recovery  rate  Is 
estimated  to  be  40  percent.  The  Step  3  labor  time  Is  conservative  as  It 
assumes  that  all  bearing  ODs  and  IDs  must  be  ground  and  replated; 
experience  to  date  shows  this  to  be  not  always  necessary,  but  too  few 
bearings  have  been  processed  for  statistical  analysis.  The  only  other 
Level  II  rework  recurring  cost  Is  for  replacement  of  new  rolling  elements 
(the  old  elements  cannot  be  repaired);  this  part  cost  appears  In  Table  B-2. 


(3)  The  Initial  lower  worker  effectiveness  is  covered  by  a  one-time  fee 
charged  by  the  Bearing  Shop  for  each  new  bearing  which  Is  a  candidate 
for  rework.  This  fee  covers  machine  setup  costs.  Including  the  full 
cost  of  learning  how  to  rework  the  new  bearing.  Since  Bearing  Shop 
workers  are  presently  fully  experienced  with  all  bearing  machining 
techniques,  no  significant  learning  curve  Is  presently  anticipated. 
The  one-time  fee  appears  In  Table  B-4. 


(*)  The  NAVAIREWORKFAC  North  Island  Bearing  Shop  charges  a  flat  rate  of  $50 
per  hour.  This  Includes: 


Wages 

Materials 

Utilities 

Overhead 

G&A. 

(5)  The  average  price  of  a  roller  Is  $9.00;  the  average  price  of  a  ball  is 
$3.00. 


A0703  (DNA  00703) 


(6)  These  new  bearing  purchase  prices  are  listed  here  since  they  represent 
the  cost  savings  from  bearings  which  can  be  refurbished,  and  need  no 
longer  be  purchased.  They  are  based  on  FY83  Navy  contract  procurement 
data,  not  the  Master  Component  Repair  List  (MCRL).  In  recent  years, 
the  prices  for  bearings  have  Increased  dramatically  (a  H-46  swashplate 
bearing  has  risen  from  $500  in  1971  to  $6300  in  1984  and  a  J79  No.  2 
mainshaft  bearing  from  $300  to  $1420)  but  are  expected  to  increase  in 
future  years  at  a  rate  no  greater  that  that  of  Level  II  rework  costs. 

(7)  were  all  bearings  of  a  given  type  salvageable,  substantial  costs  would 
be  avoided  in  the  form  of  hundreds  of  labor  hours  for  procurement  and 
supply.  Since  an  estimated  60  percent  of  bearings  of  a  given  type 
cannot  be  refurbished  and  must  be  procured,  however,  bids  must  still  be 
processed  and  bearings  stocked,  and  negligible  handling  cost  savings 
are  anticipated. 
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A0703  (DNA  00703):  10-Year  Cost  Savings 


WORKSHEET  B  (CONT.) 


Table  B-3  &  B-4  (Cont.l 

O)  The  Bearing  Shop  has  identified  purchase  of  capital  equipment  items 
valuated  at  $770,000  as  necessary  for  full  scale  refurbishing 
operations.  A  1986  expansion  in  the  number  and  variety  of  bearings  to 
be  reworked  is  contingent  upon  FY86  special  funding  for  these  items. 
The  following  special  tools  and  test  equipment  are  presently  in  use  at 
the  Bearing  Shop  and  pre-date  funding  of  A0703  (DNA  00703): 

•  Roller  bearing  disassembly/reassembly  press 

•  Ball  bearing  disassembly/reassembly  press 

•  Roller  drop  gauge 

•  Tang  pincer 

•  Deriveting  tool 

•  Small  roller  bearing  disassembly  press 

•  Speed  lathe  plus  centering  cone  set. 

Other  equipment  was  purchased  using  HT  project  funds. 

(?)  The  Bearing  Shop  charges  a  one-time  set-up  fee  of  $10,000  per  bearing. 
This  fee  covers  the  measurement  of  rolling  elements  to  derive  a 
statistical  size  range,  retooling,  and  initial  (learning)  production 
inefflciences  (learning  curve). 


Refurbishment  Cost  Comparison  Oata 


MANUFACTURING  TECHNOLOGY  PROJECT  COST  SAVINGS  REPORT 


PROJECT  NO.: 

PROJECT  TITLE: 

PERIOD  COVERED: 

APPLICATION: 

Implementing  activities: 


Candidate  applications  Include: 

TOTAL  COST  INCURRED: 

COST  SAVINGS: 

ACTIONS  TAKEN  OR  RECOMMENDED  AS  A  RESULT  OF  THE  PROJECT: 


NAVAIR  MANUFACTURING  TECHNOLOGY  PROJECT  COST  SAVINGS  ANALYSIS 


FORM  1:  PROJECT  SUMMARY 


1 .  Project  Title: 

2.  Project  Number: 

3.  Fiscal  Year  Funded:  4.  Total  NAVAIR  Funding: 

5.  Analysis  Prep.  Oate:  6.  Date  of  Previous  Submission: 

7.  Name  of  Preparer: 

8.  Organization  Implementing  MT: 

Name  &  Title  of  Principal  Contact: 

9.  Oate  of  Contract  Award:  10.  Date  of  Contract  Completion: 

1 1 .  Brief  Description  of  Conventional  MT: 

12.  Brief  Description  of  Advanced  MT: 

13.  Outputs : 

a.  Discounted  Net  Cost  Savings  From  Implementation  of  MT  Project  Results: 

b.  Non-Quantlfled  Benefits: 

c.  Additional  Benefits  Anticipated  In  Future; 

d.  Payback  Period:  e.  Additional  Contractor  Investment: 

f.  Return  On  Investment;  g.  Discounted  Cumulative  Gross  Savings 

to  Date: 

I 

D-2 


NAVAIR  MANUFACTURING  TECHNOLOGY  PROJECT  COST  SAVINGS  ANALYSIS 


-  PROJECT  COST  SAVINGS 


Project  Title: 


Project  Number 


NAVAIR  Investment: 


a.  Current 

b.  Fiscal 

c.  NAVAIR 

d.  Discount 

e.  Present 

Fiscal 

Years 

Funding 

Factor 

Value  of 

Year 

Funded 

By  FY 

Funding 

Present  Value  of  Total  NAVAIR  Investment 


a.  Project  b.  Recurring 
Year*  Costs/ 

Savings 


c.  Discount  d.  Present  e.  Present  f.  Present 
Factor  Value  of  Value  of  Value  of 

Recurring  Nonrecurring  Annual 
Costs/  Costs/  Costs/Savings 

Savings  Savings 


^Indicate  cost  savings  (negative  costs)  on  this  table  by  enclosing  in  parentheses 
^Include  years  used  to  calculate  ROI  starting  from  the  date  of  contract  award. 

3If  4a -3a  -  1,  then  4c  -  0.954  If  4a-3a  -  6.  then  4c  *  0.592 


0.954 

0.867 

0.788 

0.717 

0.652 


If  4a-3a  ■  6,  then  4c  = 


0.592 

0.538 

0.489 

0.445 

0.405 


4  If  costs  exceed  cost  savings,  this  difference  will  be  a  negative  value. 


WORKSHEET  A  -  MT  PROJECT  IMPLEMENTATION  COST  SAVINGS 


Annual  Additional  00C  Incurred 


Table  B-3  -  Investment  Costs:  Equipment  &  Buildings 
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V 

% 

% 
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Final  Report 


To  sunmarize  in  one  document ,  all  work 
performed  under  the  contract  and  to  present 
complete  fiscal  data  for  the  contract. 


NSA  DI-A-5030B 


1976  February  14 


MUPOMBMblTV 


NSA  -  R 


•.  ooe  acoutitio 


1.  WVLIC.TION/INTIIIMl  t.lWIMIP 

To  apprise  the  Government  in  a  compre¬ 
hensive  finalized  document  of  the  requisite 
requirements  specified  under  the  contract. 

Companion  Data  Item  Descriptions  are: 
oi-A-5000  Nan  Hours  Expenditure  Chart 
DI-A-5001  Funds  Expenditure  Chart 
DI-A-5003  Funds  Expenditure  Report 


MCK  NUMMWa 


10.  IMTMUCTIOMa 

1.  The  Final  Report  shall  clearly  summarize  all  work  performed 
under  the  contract  and  shall  contain  the  following  information: 

a.  Table  of  Contents 

b.  Brief  summary  of  all  work  done,  including  that  yielding 
negative  results  or  positive  results  not  used.  All  information  shall 
be  referenced  to  the  appropriate  Progress  Report,  or  section  of  the 
Final  Report,  where  the  subject  is  discussed  in  detail. 

c.  The  body  of  the  report  shall  describe  all  work 
accomplished,  including,  as  applicable,  theoretical  studies,  exper¬ 
imental  work,  mechanical  design,  theory  of  operation,  test  procedures, 
test  results,  and  those  drawings,  charts,  graphs,  illustrations,  or 
other  expository  material  needed  to  clarify  the  presentation.  It 
shall  also  include  all  fiscal  and  planning  data  prepared  in 
accordance  with  the  companion  data  item  descriptions. 

d.  When  test  equipment  has  been  designed  and  constructed 
for  use  on  this  contract,  a  listing  of  all  such  equipment  is  to  be 
included.  This  listing  shall  include  all  associated  drawings  and 
lists.  It  shall  be  referenced  in  the  report  and  is  to  be  included 
as  an  appendix  thereto. 


DATA  ITEM  DI-A-S030B  CONTINUED 


e.  Conclusions,  recoonendations  and  proposals. 

f.  An  appendix  of  all  expository  materials  not  necessarily 
included  in  the  text  of  the  report,  which  shall  be  identified  by 
appropriate  titles  and  symbols  on  the  face,  if  feasible,  if  not, 
upon  the  back  thereof. 

2.  The  report  shall  be  prepared  as  follows: 

a.  It  shall  be  typewritten  and  is  to  be  duplicated  in  non¬ 
fading  ink  on  8”  x  10  1/2”  or  8  l/**"  x  11"  paper  and  suitably  bound 
between  durable  covers. 

b.  The  data  indicated  below  shall  be  contained  on  the  title 
page  in  a  3  1/2”  x  1  1/2”  rectangle  located  three  inches  from  top 

of  the  page  and  two  and  one- half  inches  from  its  unfastened  edge: 

(1)  Type  of  report,  final. 

(2)  Purchase  description  title. 

(3)  Contract  number. 

(4)  Dates  of  the  reporting  period. 

Security  classification,  distribution  limitation  markings  and  other 
necessary  information  shall  also  be  included  on  the  title  page. 

•US.  OOVMMMNT  PRINTING  Of  PICE :  197S-a03-W3M7 
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